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(54) Radiation sensitive resin composition 

(57) A positive-tone or negative- tore radiation sensitive resin composition comprising (A) a phofoacM generator 
represented by the fallowing formula (1-1) or (1-2): 
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wherein R 1 . R 2 . R 5 , and R 6 are an aJkyi group, R 3 and R 7 area hydroxy! group or -OR 4 (wherein R 4 Is an organic 
group), A 1 " and V indicate a monovalent anion, a and c denote an integer of 4-7, and b and d an integer of 0-7. The 
positive-tone resin composition further comprises (B1) an add-cleavatte group-containing resin or (B2) an alkali-solu- 
ble resin and an alkali solubiBty control agent, and the negative-tone radiation sensitive resin composition further com- 
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prises (C) an afcaS-soiuMe resin and CD) a orosslinking agent The resin compositions are highly sensitive and exhfeit 
superior resolution and pattern forming performance. 
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DBSCflptlOII 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present Invention relates to a positive-tone or negative-tone radiation sensitive resin composition which con- 
tains a specific photoadd generator and is useful as a resist suitable for use in precision machining utifiztog various 
types of radiation such as ultraviolet light, deep ultraviolet light X-rays, or charged particle rays. 

Description of the Background Art 

There is an increasing demand for miniaturization, requiring reduced processing sizes in Gthography in fields 
requiring fine work such as manufacture of Integrated circuits (ICs) In order to achieve high Integrity In ICs, Technologies 
capable of fine processing, even of a size of 0.5 mm or smaller, in a stable manner have become necessary in recent 
years. Because of this, resists used in such a technology must be capable of tormirtg patterns smaller than 0.5 mm at 
higti precision. It is extremely difficult to produce a minute pattern smaler than 0.5 mm at a high precision by conven- 
tional methods using visUe light (wavelength 800-400 nm) or near ultraviolet Eght (wavelength 400-300 nm). Because 
of this, the use of short wavelength radiation (wavelength 300 nm or less) has been stuped. 

Given as examples of such a short wavelength raciation are deep ultraviolet rays, such as a bright Bne spectrum of 
a mercury lamp (wavelength 254 nm). a KrF exdmer laser (wavelength 248 rim), and an ArF exdmer laser (wavelength 
193 nm); X-rays such as synchrotron radiation; and charged particle rays such as an electron beam. Lithography using 
an excimer laser among these is attracting a great attention due to its high output and high efficiency. For this reason, 
the resists used In lithography also must produce minute patterns of 0.5 mm or less wHh high sensitivity and high res- 
olution by excimer laser with good reproducibility. 

A chemically amplified resist using a racfiation sensitive acid generator which generates an acid by being exposed 
to radiation (hereinafter referred to as "exposure") and in which the sensitivity of resist is increased by the catalytic 
action of the acid has been proposed as a resist applicable for use with deep ultraviolet fight such as from an excimer 
laser. 

As examples of such chemically amplified resists, a combination of a resin protected by at-butyt group or t-butoxy 
carbonyl group and a photoadd generator is disclosed In Japanese Patent Application Laid-open No. 45439/1984. Jap- 
anese Patent Application Laid-open No. 52845/1985 discloses a combination of a resin protected by a silyf group and 
a photoadd generator. Beside these, there are many reports relating to chemically ampliled resists such as. lor exam- 
ple, a resist which contains a resin having an acetal group and a photoadd generator (Japanese Patent Application 
Laid-open No 25850/1990). 

Given as examples of the photoadd generator used in these chemlcaly amplified resists are onlum salts, such as 
triphenyteuffonium trffluoromethanesuffonata, triphenytsutfbnium hexaflucroantimonate, trphenytsuHonkim naphthale- 
nesurtonate, cydch6xyfmetrr/1(2^o suffonlum trffluoromethanesutfonate; sulfonate of 2,6-dlnftrobenzyl, 

to'^metrmnesutfonyloxyjbenzene. and r^cydohexytsut^yOdiazomethane. These conventional pnotoacid generators 
are generally unsatisfactory in their sensitivity. Some photoadd generators have relatively high sensitivity, but their over- 
all resist performance, such as resolution and pattern configuration. Is not necessarily sufficient 

In view of this situation, there has been a along desire tor the development of a photoadd generator exhibiting high 
sensitivity and high resolution, and capable of produdng fine pattern configuration. 

An object of the present invention is therefore to provide a positive tone or negative tone radiation sensitive resin 
composition capable of produdng a superior resist pattern with high sensitivity, high resolution, excellent pattern con- 
figuration. 

SUMMARY OF THE INVENTION 

This object can be achieved in the present invention by a positive-tone radiation sensitive resin composition com- 
prising: 

(A) a photoadd generator represented by the following 
formula (1-1): 
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wherein R 1 and R 2 may be either same or different and each individually represents an alkyl group containing 
15 1-4 carbon atoms, R 3 represents a hydroxy! group oc-OR 4 (wherein R 4 is an organic Qrotjp having 1-6 carbon 

atoms). A t " indicates a monovalent anion, a denotes an integer of 4-7, and b is an integer of 0-7; or 
formula (1-2): 
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(1-2) 



so wherein R 5 and R 6 may be either same or different and each individually represents an alkyl group containing 

1-4 carbon atoms, R 7 represents a hyotaxyl group or-OR 8 (wherein R 8 is an organic group having 1-6 carbon 
atoms) , Ag" indicates a monovalent anion, c denotes an integer of 4-7, and d is an integer of 0-7; 

(B1) An acid-cleavable gjoup-contalnlng resin which Is Insoluble or scarcely soluble In alkafl. but becomes soluble 
SB in alkali when the acid-cleavable group is cleaved; and 

(B2) an aJ kali-soluble resin and an alkali solubility control agent 

The above object can also be achieved In 1he present invention by a negative-tone radiation sensitive resin compo- 
sition comprising: 

40 

(A) a photoacid generator which is shown by the above formulas (1-1) or (1-2): 
Id) an afcalt-soluble resin; 

(D) a compound capable of cross-Bntabie the alkali-soluble resin In the presence of an acid. 

46 Other and further objects, features and advantages of Ihe present invention wil appear more fuly from the Mowing 
description. 

DETAIL DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

bo The present Invention will now be described in detail. 
Photoacid generator 

The photoacid generator (hereinafter referred to as photoacid generator (A)) used in the positive tone or negative 
SB radiation sensitive resin composition of the present invention Is a compound represented by the above formulas (1-1) 
or (1 -2). This cornpound chemically change on being irracSated. 

In formulas (1-1) and (1-2), as examples of the alkyl group having 1-4 carbon atoms represented by R 1 , R 2 , R 5 , or 
R 6 , methyl group, ethyl group, n-propyl group, l-propyl group, n-butyi group, l-butyl group, sec-butyl group, and t-butyl 
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group can be given. 

As examples of -OR 4 representing R 3 or R 7 representing -OR 8 , altaxyl groups such as mettaxy group, ethoxy 
group, n-propoxy group, i-propoxy group, rvbutoxy group, i-butoxy group. &eo4xjtoxy group, and t-butoxy group; alkoxy- 
altocyl groups such as methoxymelhaxy group, ethoxymethoxy group, n-propoxy methoxy group, i-propcxymethoxy 

5 group, 1-fnethoxyethoxy group, 1-ethoxyBthoxy group, l-nixopcxyBlhaxygroup, 1+prapaxyethoxygroup, 2-methax- 
yethoxy group, 2-ethoxyethoxy group, 2-n-propoxyethaxy group, 2H-prcpoxyethoxygroup 1 1 -metnoxypfopoxygroup, 2- 
rnethoxypropaxy group, 3-msthoxypropaxy groups 1-ethaxypropaxy group. 2-ethoxypropaxy group, and 3-ethoxypro- 
poxy group; alfcoxy caibonytoxy groups such as melfKPcycajtenyloxy group, ethoxycarbonytoy group, n-propoxycarb- 
onytoxy group, lixopoKycaibonytaxy group, n-butoxycarbonytoxy group, l-butoxycerbonyl oxy group, sec- 

10 butoxycarbonytoxy group, and t4xjtaxycartx3nylaxy group; cyclic acetai group such as 2-tetranydroturanytaxy group and 
2-tetrahydnopyranyioxy group; (substituted)benzytoxy groups such as benzytaxy group, o-methytbenzytoxy group, m- 
msthylbenzyloxy group, pnriethytbenzytaxy group, p-t-butyibenzykixy group, and p-methoxybonzyioxy group; and 
aJKoxy carbonyl methyl groups such as meltwycaibonyirnethyl group, ethoxycaroonylmelnyi group, n-propoxycarbonyi- 
methyl group, l-propaxyca/txsnylrnelhyl gjoup, n-butoxycaibonylmethyl group, l-butcxycaibonylnriethyl group, seo-butox- 

is yca/bonyfnrtethyl group, and t-butoxycarbonyf methyl group. 

As examples of the monovalent anion represented by Aj" or Ag", inaddition to sulfonic acid anions originating from 
sulfonic acid such as triluoromathanesuHbnta add. nonalluorobutanesuHbnic acid, dodecytjenzenesuHbnlc acid, toiue- 
nesulfbnic acid, naph th atenesuifdnic acid, pyrenesuffonic acid, and camphorsuKonic acid, BF 4 \ F 6 P~, F^As", F 6 Sb", and 
CI0 4 " are given. 

20 Such an add generator (A) can be synthesized via reaction intermediates shown in the following formula according 
to the reactions shown by the following reaction formula. 
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The following compounds are given as specific examples of add generator (A): salts of 4-substituted 1 -naphthyftet- 
rahydtothtophenium such as 4-hydroxy-l -naphtt^tetrahycJrothkDprierBL^ trifluororiieihanesuHbnate, 4-methoxy-1 - 
naprrthyftedBhydrotrtophanium trffluofomethanestrffonatB. 4-ethaxy-1-naprithyttBtrah^ trflluorometh- 
26 anesunonate, 4-n-butoxy-1 -napriihyttetrahydrotri iophen i urn triffoofomethanesuironaie, 4-t-butaxy-1 Hiaprtthyftetrahvdro- 
thiophenium triffoonxnethajiesiiffonate, 4-fi-prcpaxy-1 -naprithyttetrahyAothlopheniijrn triffooromethanesulfonata, 4- 
methCKvmethoxy-1 -rtaphtnyf tetrahyd rothi opheniu m thlluofornathanesurtonate, 4-6thoxymethoxy-l <iaphthyftetrahydro- 
thiophenium trtfluorornetrtanesuKorate, 4-(1 -methoxyetfK»y)-1 -naprtthyftetrahydrotriioprtenium ttfluoromethanesul- 
fonate, 4<2-metrioxyethaxy)-1 -naprrth^ tnYluofometrtanasulfonate, 4-methoxYcarbcriytaxy-1- 

39 naphihytteliuhyakT)irtophenium trMluoromettianesulfonate, 4-ethoxycart>ortyloxy-1-naprit^ trif- 
lucxomethanesurfonate, 4-rr-propoxycartx>nylaxy-1 -naphlhyttBtrahydrotWophaniLjm trlluoromafranesulforate, 4-l-pro- 
poxycartxxiytoxy-1 <lap^ttt^yttetfiahy^A'ot^t tophsri i um tnfliiOfornethanesutfbnate, 4-n -butOKycartxjrtyioxy- 1 - 
naphlhyttetiHhydrotrik^anlum trtfboramethanesuffonata, 4-t-butaxy carbonyloxy- 1 -fiaphtftyttetrahydrotri lopnert u m irif- 
luoromethane sulfonate, 4^24etrahydrofi*any1axy)-1 -fiaprtthyttotrahyayolriiophenlum trifluoromethanesuftonate. 4-(2- 

35 tetrariydropyrariy1oxy)-1-riaph^ 

fHophenium trfffooromethanesulfonate, 4-hydroxy-1 -naphthyttetrahydrotrHopheNum n-riortafluorobutanesuffonate, 4- 
methoxy-1 <iaphtriyttetnarryoVoth rvnonafluorolxitanesutfonate, 4Hi4xitoxy^lHiaprtthyttetra^^ 

n-nonafluarobutanesutfonate, 4-t-butoxy-l -naphthyttafrariydrotritaph ri-noriafluorobutanesulfonate, 4-hy**oxy-1- 
naphthyttetrahytfaoU iopt lenium camphorsurtonate, 4-metno*y-1-naphthytt 4- 

40 n-butoxy-1 <kaphlhyttetrartyd^t)(h<opheriiurn can^phorcuHonate, 4-t-butaxy- 1 <iaphthyttetrahydro4hiopheiiium cam- 
phorsutfonate, 44iydraxy-1-naphtriyttBtrahY^^ hexaffooroantirnonate, and 4-hydrcxy-1 -naprtthyftelrahy- 
oVothiophenium p-tduenesuHonate; salt of Substituted 1-naphtriyttetrahydn>thiop^ such as 5-hydroxy-l- 
naphthyftetrahydmtHophenlum trllixiromethanesulfonate, S-methaxy-lHiaprrthyttefr^^ trlluorometh- 
anesurfonate, 5-etfKtty^1-fiaph1hyltetrahydrotM 

46 thfophenium triffoorometharieedfonata, 5-methQxymBthoxy-1 -naprrthyftetrahydrclrilopherfem 

trifluoromethanesufforiafe, 5-sthoxyrnethoxy-1 -fiapMiyltatrariydrothfopfiera jm trtf I uof omethan esiifonate, 5-(1-methox- 
yetlK*xy)-1-iiaphthYUetrahy^ trifkxxomethanesulfonate, 5- (2-methoxyethoxy)- 1 -naphthyl tetrahydrothi- 

ophenlum trtfluoromathanasuiforate, 5-metixwycartxxiyloxy-1-napV^^ 

trifluorometrtanesJforiate, 5-ethoxycart»nyioxy-1-fiaph^ tiifluoromethanesUforiale, 5-n-pro- 

bo paxycanbonyloxy^l-naphthyttetn^ triffoorometrtanesulfonate, 54-pn^x»ycarbonytaxy-1 -naphlhyftet- 

rahydrothiophenium triluoromethanesuKonate, 5^-cvtoxycartxrtytoy-1-n^^ 
trifluoromethanesulfonate, 5-t-but0xyca*onytaxy-l -naphthyl tetrahydrothiophenium trifluoromethanesuHorale, 5-(2- 
tetrah>cirofuranytaxy)-1 ^aphtfiyttetrahy^othtaphertum triluofomethanesutfonate, 5-(2-tetrahydropymnytaxy)- 1 -naph- 
thyftelrahycfax^fophef^m trffliioromethanesuKonate, 5-benzytcxy-1 -naphthyftetrahydrothiopheniijm trtftuororneth- 

66 anesuffonate, 5-hydraxy-1 •fTaphtryttetrahydrolhiophenium hexaffooroantirnonate, and 5-hydroxy-l- 
naphthyfteliahydnMhkx^enium p-tofuenesutfonate; salts of 6-8ubetjtuted l^iaphtf^ietrai^rothioprieniijrn, such as 6- 
hydrc^l-naphthyltetrahv^ triluofomethanesutfonate, 6-methaxy-1-riaphthyttetra^ trtf- 

luoromethariesurtonata, 6-ethaxy-1 -naphthyttetrahyoVotWof* trffluaromethanasulfonate, 6-f>ixiopaxy-1- naphthyl - 
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tetrahydrothtoprteniurn trifluorcmetrtanesulfcnate, 6-methoxymethoxy-1-rtapht^ 
traiuxomettianesutfonate, 6-ethoxyrnetrraxy-l -nap^thyftetiahyd^k)phaiium trifluoromethaneaiHorale, 6-(1-methox- 
yethaxyH -raphtftyltetrah^ triluoroiTiethanesuftonate, 6-(2-methoxyethoxy)-1 -naphthyftetrahydrothJ- 

ophenium trifluoromethanesuffonato, 64iietrioxycajbonytoxy-1-r^ 

s trtfluoromettianesutfonate, 6-o1hoxycartx3nytaKy-1 -napmhyltetmhydrothiopfienlijni trtluoromethanesuifonate, S-n-pro- 
poxycaitoonyloxy-1 -aapWhyftetrahydrottwphenium irrfluofometfianesuHbnate, 6-i-propoxycaitxmykxx^ 1 -naphthyttet- 
rahydrotfilophenhjm liifluoromethanesijlfonate, e-n-birtoxycaitonyta^ 

traiuofomettianesuttonate, S-t-butaxy carbonytaxy-1 -fiaphthyttatrahydrothlophenium traiuoroniethanesuJfonate, 6-<2- 
tetrahydrofuranytaxy)-1 -r^>hthyttetrahydrothiopheriium biflu(m>methane8ulfonate, 6-(2-tetrahydropyrany1axy)-1-naph- 

w thyttetrahydrothtophenlum trfflucnxTJethanesLillonale, 6-benzykixy-1 -rxaphthyftetraiTydro*hIophefiiiim trifluorometh- 
anesuHbnate, 6-hyctnoxy-1 -naphth y ttet f ahydrotNophenium hexafluoroarrtimonate, and 6-hydroxy-1- 
naphttiyitatrahydrothlophenhjm p-tofcienasutfonate; salts 7-substHuted 1 -napWhyftetrahydrothiophenlum, such as 7- 
hydraxy-1-naphthyttetra^ trffluoromethanesulfoi^ 7Htietnoxy-l-naphthyftetiahyd trif- 

luoromethanesulfonate, 7-ethoxy 1 niaphttiyttetrahydrothiophenium triffuorom^haneGiilfonate, 7-n-propoxy-1-naphthyl- 

15 teiraliydrothtopherilum trifluoromattianesulfonate, 7-methaxynrethaxy-1-^ 

trifluofomethanesutfonate, 7-ethoxymetrtoxy-1 -^hthytt^mhydrothiophenium trifluomnri^hanesuffafmle, 7-(2-methox7 
yettxsxy)-1-napWhyitetrahydro1hloph trlluoromathanesuHorate, 7-<2-me1hoxyGthoxy)-1 HTapfrthyttetrahydrothl- 

ophenium trifluoromethanesuHonate. 7HwthoxycartJonytoocy-l-napht^ 

trtluoromethanesurfoiiate, 7-ethaxycarbonytaxy-1 -naphthyttetrahydrolhk^*enliflii trtfluorometfianesutibnatei 7-rvpro- 

zo paxycarbonytaxy-1 -rtaph^ trrffuoromethanesuffonate, 7^-propcocycaftx3ny1cocy- 1 maphthy Itet- 

rahydrolhicphenium trrfluoromethanesullonate, 7hi -burtoxycasbortyloxy- 1 -naphthyl teuariycftrotr»ophenium 
trifluoroiTiethajiesuHbnate. 7-t-butoxy carbonytaxy-1 -naphthyftetrahydroth tophenlum triluoromethanesutfonate. 7^2- 
tetraiiydrofuranyk»y)-1 -rtaphthyt tetrahydrothiophenium trifluorometfwneGuffonate, 7^^«rahydropyrany«0Ky)-1-nevh- 
thyttetrahycfrothtophenlum frifkjoromeChanesulfonata. 7-benzytaxy-1 -napl itt lyttefa ahydroWcphenluni trifhjorometh- 

26 aneauHbnate, 7-hydnoxy-1 -fiaphthyttetrahydmthioptienium hexafluoroantimonate, and 7-hydraxy-l- 
naphthyftetral^rothiophenium p-totuenesuKbnate; salts of ^substituted 1 ^enyltetrahydrolhiophemum, such as 4- 
hydroxy-1 ^enyttetrahydrathk^erilijm triflucxomathanesuHbnatBv 4-mathoxy-1-phenyftetrahydrothto^^ trffluor- 
ornethanesuHonate, 4-ethoxy-l ^^lyttetrahydrc^hiopnmLMii trrffuommethanesultonate, 4-n-propoxy-1-phenyftetrahy- 
drctrtkxjhertfum trmuoromethanesuffonate. 4-methoxymethaxy-1 i*anyllBtrahy*othiapheniiiin 

so trifluofwiethanesutfonate, 4-ethoxymethaxy-li>heriytte^ U1fkK)romethane8ulfonate; 4-(1-rnethox- 

yethoxy)- 1 iahenyftBtrahytinothlopheniuni trffluoromethanesutfonatB, 4^2-irKrthaxyathc*y)-1 ishenyttetrahyc^iophe- 
nium trfftuoromethanasutfbnata, 4-mathaxycaftonykny-l^enyttetrah^ IrHluoromethanasuHdnata, 4- 

ethaxycarbcriytaxy-1 ^enyttetrahydnMhiophenium triftuorometnanesuKbnate, 4-n-propoxycait>onytaxy-1 -ptienyltet- 
rHhydrothlophenfum Irifluorometnanesulfonatey 4^i3rapoxycaitxxiyiaxy-1 ^henyttetrafty^othk^henhjm trifluciwneth- 

ss anesvJfonate, 4-ri4xjtaxycarbonytoxy-l ^enyitetrahydrothiopheniiim triiluoromethanesuffonate, 4-t- 
lxrtaxyaiibonytaxy-1 i^enyftetraliydrothiophenlunri trfffajoromethanesuffonate, 4<(2 tatrahydrofuranyfoxy)-1 -phenyttet- 
rahydrottiiophenium triflucrcfTiethanesultonate, 4-{2^etratvdropyra^ykxxy)-1 -phenyitetrahydrc^iopheniijm trifluor- 
omethanesuffonate. 4-benzytaxy-1 -phenyttetrahydrothiophertiLjm trifluoromethanesulfonate, 4-tiydroxy-1 - 
phenyttetrahydrcihlophenlurn hexafluoroantimonate. and 4-hydraxy-1 -phenyttetrahydrothlcpheniurn p-toluenesui- 

40 fonate; salts of d-substituted 1 iJhenyttetmhydmthiopheniuiTi, such as 3-hydroxy-1 ^enyttetrWiydrothtophenium trrf- 
lijorometfianesulfonale, 3-mathaxy-1 i»henyfta<rahydro1hIophenlum trff luoromettianesuffonate, 3-ethoxy-1 -phenyl 
tetrahydro thtophertium triftuonxnethane sutfonate, 3-n-propoxy-1 -phenyl tetrahydro thiophenium trifluorcmethane sul- 
fonate. 3HTietrKwyrnethaxy-1 i^henyttetnihydrolhloprienium faifluorometrtanesulfonate, 3-ethoxymethaxy-1 -phenyftet- 
rahydrtrthiophenium triffuoromethsjiesulfonaie. 3-(1 -methaxyethoxy)-1 i^efiyttefrahydrotfitaphenluni 

45 triflijoromethariesutfonate, 3K2-methoxyethoxy)-1 -phetiyltetrahydrothiopherdum trfl luommethan esuffonate, 3-methoxy- 
carbonytoxy-1 iahenyftetTHhydrothk^enfLim trmuoromethanesuhonata, 3-efhoxycaji3ortylG0(y-1 i^henyttefrahydrothJ- 
ophenium trifluoromethanesulftmate, 3-n-pfopoxyc8Jtoriyloxy-1-phen^te^ 

trifluofomethanesutfonate, 3-li3fopcKycafbonyk3xy-1 ishenyftetrahydrothk^eniuni trffluoromethanesulfonate. 3-n- 
butoxycaitoriytoxy-l^enyltetm^ tnfUjoiWJethanesutfonate, 3-t-butaxy carbonytoxy-1 -phenyitetrahy- 

so drothfepherdum triftuorornethan esuffonate, 3~(2-tetraJiydrofuraJiyk^^ trifluororneth- 
anesuJfonate. 3H2-tetrahydrapyrany1oxy}-1 i>hefTyltetrahydrathtophenliim blfluoromethanesLiHonate, 3-benzytoxy-1- 
phenyftetiahydrotfi iopheniu m triluoromelhanesuffionate, 3-hydroxy-1 -phenyl tetrahydrothiophefiium hexafluofoanti- 
monate, and 34iydroDcy-1 ^enyftetrahydrolhiophenhjm p-toluenesuftonate. 

Of these acid generators (A), particularly preferred are are 4-hydraxy-l -riaphtriyne1rariy*othiopheriium triftuor- 

ss omethartesulfonate, 4-methoxy-1 HTaphthyttetrBivdrot^ tilfluoromethanesuJfonate. 4-n-butaxy- 1 -naphthyttet- 

rahydrolhtophenium traiuor o methanesuHbnate, 4-t-butoxy-1-riaphthyttetrarty^ trHIuororrtethariesulfbnate, 
4-hydraxy-1 ^aphthyitetrahydrottilopherdiim rwiortafluorobulanesulfortate, 4-methoxy-1 ^aphthyftetrahydrothlophe- 
nlum n-nortafhMrobutBnesulfonate. 4-n-birtoxy-1 -naphthyttetiHJTydrolhlophenlum n-nonaf luorobutanesulfonaie, and 4-t- 
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butoxy-1 ^laprtthyttetrahTt^olliiophenium n^iortafliKxobutanesuffonate. 

These compounds may be used erther irxfvidualy or in corrfciralions of two or more as the acid generator (A) in 
the positive-tone or negative- tore ractation sensitive resin composition of the present invention. 

Acid generators other than the acid generators (A) may be added to the positive tone or negative tone raotation 
sensitive resin composition of the present invention inasmuch as the intended affects are not adversely affected. 

Such other add generators include, for example, CD onium salts. ® haJogen^xxTtaining compounds, <3> ciazoke- 
tone compounds, ® sulfone compounds, and © sulfonic acid compounds. 

The following compounds can be given as examples of such acid generators. 

CD Oniumsalt 

As onium salts, iodoniurn sate, sulfonium salts, phosphonium salts, clazonlum salts, and pyncSnium salts can be 
given. 

Spec* ic examples of desirable onium salts Include clpfienyliodoriuntrff^ olphenyiodonfcjm 
pyrenesuHonate, olphenyTKXfonium dodecytoenzenesuttonate. bis(4-t-butyiphenyl)kxkxiium trifkiccc^trmriesuIICKiate^ 
bis(4-t4xity1pheriy0iock)num ottecytoenzenesutfbnate, bis(4-t-butv^eny0iooV>nium naphthaJenesulfonate. bis(4-t- 
butyiphefiyQkxJomim hexafluoroantimcinate, triphenyteutonium triluoromethanesulftxiate, triphenyjsulfonium hex- 
afluoroanfrnonate, tnphenytsuifomim naphthaienesulfonate, (hydroxyprtenyQberttenemeth^ lofoenesul- 
fonate. 1<naphthylacetcKr»ethyl)t^^ trifluoromethanesulfc^ate, cydoriexylmethyl(2-oxocyc^ 
bifluoromethanesulfonate, dicyclohexyl(2K»ocydoh trifluoromethanesUton^ dimethyt(2-cxocy- 

dohexyQsulfoniuni trifluoromelhanesulfonate, 1 -naphthylc&TwtriylsuIfortum trifluoromethanesulkxiate, 1-raphthytdi- 
ethylsulfonium trifluoromethanesulfonate, 1-naphtr^-nixorjylsullordiOT trrtluorornethanesulfonate, 1-naphthykfi-i- 
prcpylsuKbnium triffoorornethajiesulfon^ 4-cyano-1-naphthyldimettiylsJI^ trHluoromethanesulfonate, 4-nitro-1- 
rtaphthyUfmethylsulfbnlum trifluorometrmriesiilo^ 4-methyM-fwphtriv^ tririuoromethanesul- 
fonafe, 4-<*ano-1-naprttriy1cfietriyls^ 4-nitro-1 niaphthyloletriylsutfonium triluorometh- 

anesuhbnate, A- methyf- 1 -raphthylclethytsutfonium trilucfornathanesutfonate, 4-hydroxy-1 -rtephthykiimethylsulionfejm 
trifluorornethanesUfonate. 54iydroxy-1<iaphthytfme^ tiifluorometrtanesutfonate, 6-hydroxy-1-naphthykJ- 

imethylsultonium triluoromethaflesulfonate. and 74iydimy-1-naphtrylo1metW triffoaometriane^ 

@ Halogen-containing compounds 

As haJogen<ontaining compound, for example, haloalkyt gjoup-containing hyotoarbon compounds, and haJoalkyl 
graup-containing heterocyclic compounds can be given. 

Given as specific examples of desirable tiaJogen-contalning compounds are 1 ,1 ^(4^r^cphefiyl)-2,2,2-trichlo- 
roethane, phenyl-bis(ti1chloromethv^ rnelhoxypheriyl-bisftri chlorornethyQ^triazine. and naphthyl- 

bis(trichloroniethyO-s-triazirie. 

© Diazokatone compounds 

As diazokatone compounds, for example, 1.3-o*eto-2-diazo compound. diazobenzoojinone cornpound, and cfta- 
zDnaphthoquinone compound can be given. 

Speciic examples of desirable diazoketones include 1 ,2-naphthoqiinone diazido-4-sutfonyl chloride, 1 ,2-naphtho- 
qulnone rJazJdo^suffonate of 2,3.4,4'-tefrahycVc*yb^ and 1.2-riaphthocMnone diazJdo-4^ulfonate of 

1 ,1,1 -trie (44iydroxypheny0ethan& 

® Sulfone compounds 

Sulfone compounds include p-ketosuttone, ^-sutfonybutfone, and the II®. 

As speciic examples of desirable sulfone compounds, 4-trisphenacyfeulfone. mesny^enacyteulfone, and bis(phe- 
nylsulfonyOrnethane can be given. 

© Sulfonic acid (xxrpounds 

AJkyl sulfonates, aJkyl sulfonic acid imides, haJoalkyl sulfonates, aryteUfonates, inidesulfonates. and the like can be 
given as examples of sulfonic add compounds. 

Speciic examples of desirable sulfonic acid compounds include benzointosyiate, tristrikioromethane sulfonate of 
pyrogaJlol, ritrcfcenzyl^.lO^ethoxyan^ triluoromethane suhonyl bk^o{2.2.1lhepto-5-ene-2 l 3- 

dcartxacytrnUe, n^iyoVoxysucdriimide triiuorometriBJiesulfonatB, and 1,8^iaphthalerieolcajboxyt^ trf luorometh- 
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anesuifonate. 

Of these add generators other than acid generators (A) (hereinafter called "the other add generators"), particularly 
preferred are cBpheriyiiodortium trrflucromethanesulfonate, bis(4^-butyfphenyl) iodoni urn trifluoromethaneeuffonate, 
triphenyteulfonium trtf luoromethanesuffbnate, cyctortexytrriethyl (2K>xocyciohexy1)sulforium trifluoromethanesuffonate, 
dicydohaxyf(2-oxDcyclohexy1) sulfonfum tilfluorornethanesurfonata, dlmetriyK2Knax^ciohaxyQs^fDn!um trifluorometh- 
anesuffonate, trmuon>methanesu!fc^ rvrtydroxysuodnimide trilluor- 

omethanesuifortate. 1 .8-riaphthaIenedlcanxscytonide trrfkioromethanesurfona^ and 4-hydroxy-1- 
naphtrryicfonetftylsul^ 

These other add generators may be used either indMduafly or In combinations of two or mora The amount of the 
other acid generators used In the positive tone or negative tone radiation sensitive resin composition of the present 
invention is ueuaBy less than 20 parts by weight preferably 10 parte by weight, and more preferably 8 parts by weight, 
for 1 00 parts by weight of the acid generator (A). If the amount of the other add gene^ 

transmissivrty of radiation is small so that no sufficient amount of radiation reaches the lower part of a resist film when 
the composition Is used as a resist In the case of a positive tone resist, the resulting resist pattern tends to be tapered, 
fn the case of a positive tone resist, the resist pattern tends to have an inverse triangular shape. 

AdoVdeavabie group-cootairtirtg resin 

The acid -deavabie group-containing resin used as the component (B1) in the posrtfvte tone reflation sensitive resin 
composition of the present invention is a resin insoluble or scarcely soluble in alkali, hut becomes soluble in afcai when 
the acid-deavable group Is cleaved. The following resin (Q and resin (II) can be given as examples of the add-deavabie 
group containing resin. 

The resin (0 has a structure wherein hydrogen atoms in addic functional groups, such as phenofic hydroxyi group, 
naphthoOc hydroxyi group, carboxyl group, or the Ilka, In an alkaii-sdubie resin are replaced by at least one add-deav- 
abe group The resin (I) is alkali insoluble or scarcely soluble m alkali by itsetf. 

The resin (I I) is an add-deavabie group-containing resin having an aficydic structure in the main chain. The resin 
(II) is also alkali insoluble or scarcely soluble in alkali by itself. 

The term "insoluble or scarcely soluble in alkali" is defined as the characteristics of a resin (an acid deavabie 
group-containing resin), In which at least 50% (In thickness) of the coating prepared from the resin remains undissolved 
when developed under the same alkaline developing conditions as the conditions under which resist patterns are 
formed on a resist coating made from a radiation sensitive resin composition containing the acid deavabie group-con- 
taining resin. 

The resin (I) and resin (II) wU now be descrfoed in detail. 

Given as examples of the add-deavable group In the resin (I) (hereinafter called "acid -deavabie group (I)") are sub- 
stituted methyl group, 1 -substituted ethyl grow. 1 -branched aJkyl group, silyl group, germyf group, alkaxycarbonyl 
group, acyi group, and cydic add-deavabie group 

Examples of the above substituted methyl group induded methoxy methyl group, metrryfthiomethyl group, 
etrtoxymethyl group, etrrytihlomethyt group, m e thoxy e trioxymethyl group, benzyloxymetnyl group, benzytthlometrtyl 
group, phenacyl group, bromophertacyl group, methoxyphenacyl group, methylthiophenacyi group, a-methylphenacyi 
group, cydopropyl methyl group, benzyl group, diphenyfmethyl group, trtpheriylmethyt group, bromobenzyl group, 
nrtrobenzyi group, methoxybenzyl group, methytthbbenzyl group, ethoxybenzyl group, ethyrthlobenzyl group, piperonyt 
group, methoxy^n^ylmeirryl group, ethoxycarbonyfmethyi group, ri-propoxycarbonylmettwi group, iso-propoxycarbo- 
nylmethyl group, n-butoxycarbonylmalhyl group, and t-butoxycarbonyimeihyl group. 

Induded in examples of the above-mentioned 1 -substituted ethyl group are 1-methoxyethyl group, 1 -methylthioe- 
thyl group, 1,1-olmethoxyethyl group, 1 -ethoxyethyt group, 1-ethyftWoethyl group, 1 . 1 <Jlethoxvethyl group, 1-rjhenoxye- 
thyl group, liihenytthioethyl group, 1.1-dphenoxyethyl group, 1 -benzyl oxyethyl group, 1-benzytthioethyl group, 1- 
cyclopropyl ethyl group, 1-phenyiethyl group, 1.1-oiphenylethyi group, 1 -methcxycarbonylethyl group, 1-ethoxycarbonyl 
group, lH>propoxycarbonylethyl group, 1-teoixopoxycarbonyfethyl group, 1-n-butoxycarbonytethyl group, and 1-t- 
butoxycarbonyiethyi group. 

Examples of the 1 -branched alkyl group are iscpropyl group, sec-butyi group, t-butyl group, 1 . 1 -dmethyipropyt 
group, 1-methyRxityi group, and 1,1<fimethyflxityl group 

Examples of the above silyl group indude trirrtethyteayl group, ethyfcfimetrtytsflyf group, metrtyidiethylsayl group, tri- 
ethyteilyl group, Isopropyklmethybllyl group, methytoSscpropylsIyl group, trl-iscpropyislryl group, t-butyidimethyisilyl 
group, methyf-d-t-butylsilyl group, trH-butyfsilyl group. phenytduitetrytsilyl group, methyldphenylslyl group, and triphe- 
nyl silyl group. 

Examples of the above germyi group indude trimethyigermyl group, etfiyidimethylgerrnyi group, metriykJethyiger- 
myl group, triethylgermyt group, bopropykflmethyigerrnyl group, methykfflsopropyigermyl group, trllsopropylgermyl 
group, t4)uty1dimethytgermyi group, methyldl-t-rjutylgermyl group, trM^xjtylgarrnyl group, pheriyldlmethyfgermyl group. 
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methyWphenyiflermyi group, and triphenylgermyJ group. 

Methoxycarbonyl group, ethoxycartxnyl group, iso-propaxycarbonyl group, and Hxjtaxycarbonyl group are given 
as examples of the above altaxycarbonyl group. 

Given as examples of trie foregoing acyl group are acetyl group, rxoptonyl group, butyryl group, heptanoyl group, 
hexanoyl .group, valeryl group, plvaloyl group, *so-valaryl groups lauryloyl group, myrtetoyl group, paJmrtoyl group, 
stearoyl group, oxaryi group, malonyi group, scudnyl group, glutary group, adjpoyl group, pperoyl group, suberoyl 
groupi azetaoyi group, sebacoyl group, acrytoyl group, propfayi group, methacrytoyfl group, crotonoyl group, oleoyl 
group, maleoyl group, fumaroyt group, mesaoonoyl group, carnpholoyi group, benzoyl group, phthaloyl group, rso- 
phthaloyf group, terephthaloyl group, naphthoyl group, toiuoyl group, hydroatropoyl group, atropoyl group, clnnamoyl 
groupi furoyt groupi thenoyf group, ricotinoyl group, iso-riooftwyl group, p-tofcienesuHbnyl group, and mesyl group. 

Further, given as examples of the foregoing cyclic aod-deavaWe group are groups having an alicycSc structure, 
such as cyukjpr o pyt group, cydopentyl group, cydohaxyl group, cydohexenyi group, and 4-me0x)xycydohexyi group. 
Tetrahydropyranyl group, tetrahydrofuranyl group, tetrahydVothiopyranyl group, tetrahydrothiofuranyl group, 3-bromotot- 
rahydropyranyL groupi 4-rnettxixytetrariydropyrartyj group, 4-rnethGDcytetrahyd rothtapyranyl groupi and 3-tetrahydroihl- 
ophene-1 -dioxide group can also be given. 

Of these acid-deavabie groups 0, particularty preferred are t-butyl group, t-butoxycarbonyl group, 1-methaxyelhyi 
group, 1 -ethoxyethyl group, 1 -n-butaxyethyl group, tetrahydropyranyl groupi meihyttetrahydropyranyl group, tetrahydro- 
furanyl group, and methyl tetrahydrofuranyl group. 

The content of the acJd-deavable groups (I) In the resin (I) (La the proportion of the number of add-deavabie 
groups for the total number of the acirJc functional groups and the acir>deavable groups (i) in the acid-cleavable group 
containing resin) is preferably 5-100%. and more preferably 20-100% in addition. If the content of the add-cleavabJe 
groups (i) is less than 9%, resolution of the resist tends to decrease. 

The resin (I) can be manufactured by following methods. 

(a) A method of introducing one or more add-deavabie groups 0) into an afcalksdubie resin which has been man- 
ufactured in advance. 

(b) A method of of subjecting one or more polymerizable unsaturated compound having one or more add-deavaWe 
groups (9 to (oo)poryirarizafion. 

(c) A method of subjecting potyoondansaflon components having one or more acid-cleavable groups (I) to (co)pofy- 
condensation. 

As the afcafi-soiuble resin used in the above method (a), addition rx>tymerizat>on resins or porycondensatkxi resins 
having one or more recurring unit which contakis an addle functional group can be given as an example. 

Here, given as examples of the recurring units containing an acidic functional group in the addition polymerization 
type alkafi-Goiubie resin are the units which can be produced by cleavage of a poiymerizable unsaturated bond in a 
polymerizable unsaturated compound having an aoxfc functional group. Specific examples of such recurring units 
include: (a-methyQstyrene derivatives, such as o-hyoVoxystyrene. m-tiydroxystyrene, p-hydroxyetyrene, o-hydroxy-a- 
methytetyrene, m-hyoYoxy-a-niethytstyrene, pnydraxy^-niethytstyrene, p-carboxystyrene, p-carboxyrnethytetyrene, p- 
(2-carboxyethyl)styrene, p-cartxxxymetrwxystyrene, r><2-caitxjxyethaxy) styrene. and p<arboxymethylcarbonyk^ 
rene, p-(2K»rboxyethyr^»rbonytoxystyrene; vinylnaphthalene derivatives or tso-propenylnaprtthaJene derivatives, such 
as 2-hydroxy-1 -vinyl naphthalene, 3-hydraxy-1 -vinyl naphthalene, 4-hydroxy-1-vinylnaphthalene, 5-hydroxy-l -vinyl- 
naphthalene, 6-hyoVoxy-l-vinylnaphthaJene, 7-hydroxy-1 -vinyinaphthalene, 6-hydroxy-1 -vinytnaphthalene, 2-hydnoxy- 
1-lso-propeny^aphihaIene, S-hydroxy-1 ^so-pnxpenylriaphthalene, 4- hydroxy- 1 -feo-propenylnaphthalena, 5-hydroxy-1- 
iso-propenylnaphthalene, 6-hydroxy-l -tscHpr cpenytnaphtnalene, 7-bydroxy-1 -tsoixoopenyViaphthalene, 8-hydroxy-1- 
iso-rjroperiytnaphthalena, 2-<»rboxy-1 -vinylraphtrialene, 3-carbaxy-1 -vinylnaphthalene, 4-carDoxy-l -vinyinaphthalene, 
5-carboxy-1 -vinytnaphthalene. 6-carboxy-1 -viriylrtaphthaJene, 7-carboxy-1 -vinykiaphthalene, and 8-carbaxy-1 -vinyl- 
naphthalene; unsaturated carboxytic acids, 6uch as (meth)acrylic acid, crotonic acid, maletc acid, fumaric add, itaconic 
acid, dtraoonfc acid, mesaconic add, and dhnamlc add; carboxyi group-containing unsaturated carboxytic acid esters, 
such as 2<amoxyetfiyl(meth)acrytate, 2-carboxypropyKmeth)acrytale, 3-carboxypropyl (methjacrytate, and 4-carboxy- 
butyl(meth)acrylata 

Of these recurring units, the units produced by the deavage of pofymerizable unsaturated bonds, such as p-hydrox- 
ystyrene, p-rtyoVoxy-a-methylstyrene, p-carboxystyrene, and (meth)acrylic add are preferred. 

The addition polymerization type alkafi -soluble resin may be formed only of the recurring units having an acidic 
functional group, or may further comprise one or more other unit with a structure wherein a potymerizabie unsaturated 
bond of other pofymerizable unsaturated compound is cleaved, inasmuch as the resulting resin is alkall-soJubia 

The Mowing compounds can be given as examples of such other polymerizable unsaturated cornpounds: vinyl 
aromatic cornpounds, such as styrene, a-methyfstyrene, 4-t-butyfstyrene, 4-t-butyt-ci- methyfstyrene, 1 -vinylnaphtha- 
lene, 4^rtethyi-1-vlnytnaphtrmlene, 5-methyH -vinylnaphthalene, 1-lso-propenylriapfithafene, 4-chloro-1-vfnytiaphtha- 
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lene, 5<hfon>-1 -virtytnaphthaJene, 4-m ethoxy-1 -vinytoaphthalene, and 5-methoxy- 1 -vinyinaphfralerie; (meth)acrytates, 
such as metftyf(metti)acryiate, ethyf(meth)acry1ate, n-pfopyi(melh)acrytete. rvbutyl(meth)acrylate, 2-hydroxye- 
thyl(meth)acryiate, 2-hyc^Q)^opyt(meth)acrytatB, and 34TydraxypropyKmeth)acry<atB; (m8th)acrylatBS having an afl- 
cycfic structire in the ester group, such as norbornyt(meth)aorytate, i60boniyKmeth)acrylate, 
trtcydodecanyKmeth)acry1atB, dicydapefrt8nyl(meth}a£rytate l and adajTtanty1(meth)acrytate: vinyt esters, such as vinyl 
acetate, viny^propkrate, and vinyl butyrate; and unsaturated rtrtrile compounds, such as (metn)acrytonitrile, a-chloro- 
acrytonftrfle, crotDnftrile, maleJnftril, fumaronftril, mesaconHrile, cflraconftrtle, and KaconftrHe; unsaturated amide com- 
pounds, such as (meth)acrytamide, N,NKfmethyKmeth)aaylamide. crotonamide, maleinamide, fumaramlde. 
meeaconamide, cftraccnamide, and rtaconamkJe; nitrogen-containing vinyl compounds, such as N-vinyl-e-caprotactam, 
N-vlriytpyrrolldone, vfnylpyrkfrie, and vtnyllmJdazoia 

Of these other polymerizable unsaturated compounds, particularly preferred are styrene. a-methyfstyrene, 
methyl(meth)acry!ate, 24iydraxyethyl(meth}acrylate, 24iydraxypfopy1(meth)acrytate, and (meth)acrylates having an all- 
cyclic structure in the ester group, such as isoborrr^meth)acrylate, tricydodecanyl(metti)acry1ate, dicydopente- 
nyf(meth)acrylafe, and adamantyl(meth)acrylate. 

The above-descnbed polycondensation type aJkaiksofuble resins can be prepared by the polycondensation of one 
or more phenol compound, one or more aldehyde compound, and, optionally, other polycondensation components 
which can form other recurring unit. In an aqueous mecium or In a mixture of water and a hydropWIic solvent In the pres- 
ence of an acidic catalyst 

As examples of the phenol compounds used In the polycondensation, o-cresol, rn-cresoi. p-cresof, 2.3-xyfenoJ. 2,4- 
xyienoJ, 2,6-xylenol, 3,4-xylenol, 3,5-xylenol, 2,3,5-trimethytphenol. 3,4,5-trimethy(phenol, resorcinol. catechol, pyrogal- 
ld, 1 -naphthoJ, and 2-naphthol can be given. As examples of the aldehyde compounds, formaldehyde, tnoxane, para- 
formaldehyde, benzaJdehyde, acetaJdehyde, propyfaJdehyde. and phenytacetaldehyde can be given. 

Because the content of the recurring units having an acidic functional group in the addition polymerization alkali- 
soluble resin or the pdycondensatkm type alkaJI-soJuble resin Is varied according to the type of the recuning unit and 
other recurring units used, such a content cannot be genetically speciied. Usually, a content of 10100 mot% is pref- 
erable, with more preferable content being 15-100 moi%. 

As examples of the polymerizable unsaturated compound having the acid-deavabie group (i) which is used in the 
method (b), the compounds with the hydrogen atoms in acidic functional groups in the polymerizable unsaturated com- 
pounds illustrated In the above method (a) substituted by the add-cJeavabJe group (I) can be given. As examples of the 
polycondensation component having an acid-deavaUe group (Q used in the above method (c), in addition to aldehyde 
compounds, the compounds with the hydrogen atoms in phenoJHc hydroxy! In the phenol compounds illustrated In con- 
nection with the method (a) substituted by an atid-deavabie group 0) can be given. 

In the method (b) or method (c) also ft Is possible to use other polymerizable unsaturated cc>nnpouridE or other poly- 
condensation components than the polymerizable unsaturated compound having an acid-deavabie group (1) or the 
polycondensation component having an acid-cleavabJe group (i) in an amount not exceeding 60 wt%, preferably in an 
amount of 50 wt% or less. 

The polymerization for producing the addition polymerization type alkali-soluble rest n according to the method (a) 
or the polymerization according to the method (b) can be earned out by means of bulk polymerization, solution polym- 
erization, precipitation polymerization, emulsion polymerization, suspension polymerization, buBc-suspension polymer- 
ization in the presence of a suitably selected catalyst such as a radical polymerization initiator, anionic polymerization 
catalyst, conjugated anionic polymerization catalyst and cationlc polymerization catalyst 

The following resins can be given as desirable resin (I) used in the positive tone radiation curable resin composition 
of the present Invention. 

Styrene-containing resins, such as 4-t-butoxystyreneAt-hydioxystyTene copolymer, 4-t-butoxycaroonyloxysty- 
rene/4-hydroxystyrene copolymer, 4-{1 ^hoxyeihoxy)styrene/4-^Tyd^oxystyTene copolymer, 4-(1-n-butoxyethoxy)sty- 
rene/4-hydroxystyrene copolymer. and 4-teliBhydropyranyloxystyn^ copolymer, 4- 

methydtetrahydiopyranyl copolymer, 4-tetrahyoVoluranyioxystyrene^ 

copolymer, and 4-metrryttetrahydrolUranytox^ copolymer: vlnylnaphthaJene type resins, such 

as 4-t-butaxy-1 ^nytriaphtha)ene/44nydmxy-1 -vinylnaphthalene copolymer, 4~t-butoxycarbeny1oxy-1 -vinylnaphtha- 
lene/4- hydroxy- 1 ^nykTaphthalene copolymer, 4-(1 -ethaxyethoxy)-1 -vlnylnaphthalena/44iydroxy- 1 -vinylnaphthalene 
copolymer, 4-(1 -n-butoxyethoxy)-1 -viny naphtha! ene/44iydroxy-1 -vinylnaphthalene copolymer, 4-tetrahydropyranyloxy- 
1 ^riytiTapmfmlene/44TyaVoxy-1 -vinylrtaphthaJerte copolymer, 4HTiethyltetrar^ropyrajTyioxy-l -virty1n^3mhaJerie/4- 
hydroxy-1 -vinyl naphthalene copolymer. 4-tetrahydrofLirariytoxy- 1 ^lrrytnaphlhaiene/4 -hydroxy-1 -vinyl naphthalene 
copolymer, and 4-methyttetrahyoVofijranytoxy-1 -vin^naphthaJene/4-hydraxy-1 -vinytnaphlhalene copolymer; (meth)acr- 
ylate-type resins, such as t-butYl(meth)acrylateAi^ add copolymer, t-butaxy- 

can^onyl(meth)acrylaleAYicycM (meth)acry!ate/(meth)acrytic acid copolymer, 1- 

ethoxye1hyl(me1h}acryate7brk^d^ acid copolymer, 1 -butoxyethylCmethJacrylateytrl- 

cydod9canyl(rr^)acryiata/(n^)acrySc acid copolymer, tetrahyctropyrany1(m^ (meth)acr- 
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ylate/(meth)acrylic acid copolymer, methyltetrartyoYopyrar^^ (metti)acrytaie/(meth)acryiic 
acid copolymer, tetrartydrofuranyKrre^^ (mem)aci7«ate/(rn^h)acryl»c acid copolymer, methyl- 

tetratiydrofuranyKnr^ (rneth)acryfale/{meth)acryiic acid copolymer. t-butyl(melh)acrytatarlri- 

cyclodecanyl(iiieth)acryl^^ copolymer, t- 

burtnxycarbonyl(meth)a^ /2-hydraxypropy1(meth)aCTy1ate copolymer. 1-ethaxye- 

thyKmeth)acrylatert^^ copolymer. 1 ^u^cfe^{me^)acr' 

yti«tfrk^ckxi8canyi(^^ copolymer. 
tetrahydropyranyl(rne^ (meth)acrylate/ 2-hydroxypropyl(meth)acrytate copolymer, metfiyttet- 

rahydropyranyi (meth)acryiat€rtrk^ckxlecanyl (metrflacrytate/2-hyil oocypropyKmeth)acryiate copolymer, tetrahy*ofuna- 
nyl(meth}acry1ata/lTicyck>de(»nyt (nrn*m)acrylatate4iydr^^ copolymer. and 

methyttetrahydrofa (meth}acrylate/2-riydroxy^^ copolymer; 

In the resin (II). the aJicydic structure may be either monocyclic structure originating from cyctoalkanes or pdycydic 
structure originating fr<m*icycloP^.1]heptane, tetracycto[*-4.0.l 2 ' 5 . l 7 - 10 ldodecane, or the Ike. 

Although the acid-deavable groups In the resin (II) may be present at any optional position, it Is desirable that these 
groups be on the alicycSc structure This aEcyctic structure may have one or more substituted groups other than the 
actd-deavaUe groups, such as, for example, a halogen atom, hydrocarbon group having 1-10 carbon atoms, and halo- 
genated hydrocarbon &oup having 1-10 carbon atoms. 

The resins having at least one recurring unit of the following formulas (2) or (3) are desirable as the resin (II). 




(2) 



(3) 



wherein n Is O or 1; A and B individually represent a hydrogen atom, halogen atom, hydrocarbon group having 1-10 
carbon atoms, or hatogenated hydrocarbon groups having 1-10 carbon atoms; and X and Y individually represent a 
hydrogen atom, halogen atom, hydrocarbon group having 1 -1 0 carbon atoms, halogenaled hydrocarbon groups having 
1-10 carbon atorr^ or acU-cleavoJ^ 

Preferred groups for the acxMeavaHe groups in the formulas (2) and (3) (hereinafter referred to as "addcteavabie 
poup (B)-) are the fipxpe represented by -tfCOOR 10 . -tfOCOR 11 . or -P?CN, wherein R 9 incScates -(CHzV. i Is an 
integer of CM. R 10 represents a hydrocarbon group having 1-10 carbon atoms, hatogenated hydrocarbon group having 
1-10 carbon atoms, tetrahydtafaranyl group, tetrahydropyranyl group, carbabutaxyrnethyl group, caibobutaxyemyl 
groups carbobutaxypropyl group, or trlaJkyteifyl group (wherein the aJkyl group has a carbon atom content of 1 -4), and 
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R 11 denotes a hydrocarbon group having 1-10 carbon atoms or hatogenated hydroc a rbon group having 1-10 carbon 
atoms; or a heterocyclic structure containing oxygen or nitrogen atom wherein X and Y together bond with carbon 
atoms In the aficydic structure to form a structure of the following formula: 




wherein R 12 Is a hydrogen atom, halogen atom, alkyl group having 1-8 carbon atoms, or a group -SO2R 13 (wherein R 13 
is an aJkyi group having 1-4 carbon atoms or a hatogenated alkyl group having 1-4 carbon atoms). 

The foOowtng groups can be given as examples of the group -tfGOOR 10 In the add-cleavable group (fl): 
(cydo)akoxycarbonyi groups, such as methoxycarbonyf group, ethoxycarbonyl group, n-propoxycarbonyl group, i-pn> 
poxycarbonyl group, n-butoxycarbonyi group, 2-rnethyfpropoxycarbcnyl group, l-methy^propoxycarbonyl group, t-butox- 
ycarbonyl group, rvperilylaKycarbonyl group, rhhexyksxycarbonyl group, n4ieptyloxycafbonyt group, n-octykx^carbonyl 
group, n-decytoxycatonyf group; cydoalKoxycartxxiyl groups such as cydopentyloxycaibonyl group, cydohexytoxy- 
carbonyl group, 4-t-butytcyckxiexytaxycajtxxTyi group, and cycloheptyfcixycarbonyl group; aryl axycarbonyl groups such 
as phenoxycarbonyl group, 4-t-butyfpheroKycarboriyl group. 1-napt^oxycarbonyf group, amlkyteycarbonyl group; 
araB<ytaxycarbonyl groups such as berizytoxycarbonyl group and 4-t-butytbenzytaxy carbcnyi group; (cycto)aIkQxycarb- 
onytmethyi groups such as mettiaxycartborryi methyl groupc ethaxycartxxiyl methyl group, rvpropaxycaiboriyl methyl 
group, iso-propOKycarbonyfirnethyl group, n-butoxycarbonylmethyl group, 2-metr^propoxycarboriyirnethyl group, 1- 
me^propoxycartxxTyt methyl group, t^xjtoxycarbonylmethyl group, and cydohexykixycajbonytmetiT^ group, and 4-t- 
butylcyt^exyloxycarbonylmetriyl group; a/ytoxycarbonylmethyl groups such as phenoxycarbonytmethyl group and 1- 
naphthyksxycarbonylmethyl group; aralkytaxyrarbonyt methyl groups such as benzyk)xycarboriy1methyl group and 4-t- 
rx/tytoerizytaxycartxmylmethyl group; (cycto)ataxycarbonyfethyl groups such as 2-methoxycaibonylethyi group, 2- 
ettaxycarbonylethyt group, 2-n-propoxycarbonytethyl group. 24so-propoxycarbonytethyl group. 2-n-butoxycarbonyte- 
thyl group, 2^2-methy^opc^carbonytethyl groups 2^1-methylprapaxy)carbonyle^ group, 2-t4xitaxycarbonylethyl 
group, 2-<^ctohexy axycarbonyl ethyl group, and 2 -(4-butyl c^ctohexy1oxycartor!yt>ef^ group; 2-aiytoxycarbonyiethyl 
group such as 2i)henaxycaibonyle1hyl group and 2-{1 -rtaptitryk«ycaji3ony0e^ group; and 2-aralkykxcycarbonyl ethyl 
groups such as 2-benzytoxycarbonytethyl group and 2-(1-t-butyt»fizyloxycarbony0ethyl group. 

Given as examples of the group -F^OCOR 11 are (cydo)acylaxy groups such as acetylaxy group, proplonyloxy 
group, butyrytaxy group, valeryfaxy group, ceployloxy group, heptanoykay group, octanoykxcy group. nonanoyVxcy 
group, decanoytaxy group, undecanoyfoxy group, cyctohexyfcarbonytoxy group, and 4*buty1cyck)hexyl<arbon 
group; erylcarbonytaxy groups such as benzoytoxy group, 4+butytbenzoylQxy group, and 1-naphthoyloxy group; 
aralkyfcarbonytaxy groups such as benzyicarbcnytoxy group and 4-t-butylbenzytcarbonyloxy group; (cydo)acyloxyme- 
thyl groups such as acetyloxycarbonylmethyt group, propkxiylaxycarbonyimethyl group, butyryknycarbonylmelhyl 
group, cyt^exylcarbonyloxymethyl group, and 44-butytcyctohexylcarbonykjKv^ group; aryk^rbonyloxymethyl 
groups such as benzoytaxymethyi group and 1-naphthoytoxymethyl group; aralkylcarbonyloxymethyl groups such as 
beiuykarbonyl axymethyf group and 4^-butytoenzyk»rbonylaxymethyl group; 2^cycto)acytaxyethyl groups such as 2- 
acetytoxyethyl group, 2-propwiytoxyethyl group, 2-bulyrytoxyethyl group, 2<ydohexyk»rbonykwyethyl group, and 2-{4- 
t4xit^c^ohexylcarbonyk>xy)ethyl group; 2-arylcarbonytaxyethyl group such as 2-ben2oyioxyethyl group and 2-{1- 
naphthoytoxyjethyl group; and 2-aralkylcarbonyloxyethyl groups such as 2-benzy!carbonytoxyethyl group and 2-(4-t- 
butybenzyteartxxiykixyjetriyl group. 

As examples of -FPCN, cyano group, cyanomethy! group, 2-cyanoethyi group, 2-cyanopropyl group, 3-cyanopropyi 
group, and 4-cyanobutyl group can be given. 

Among these add-deavabfe groups (I). preferred groups are those represented by the formula -R 9 COOR 10 , and 
the groups represented by the formula -COO R 1 °, specifically, mettxwcarbony! Group, t-butoxycarbonyl group, tetrahy- 
dropyranyloxycarbonyl group, and dicarbaxy anhydride group, are ideal. 

Describing the groups represented by A, B, X, or Y in the formula (2) or (3), F, CI, Br, and I can be given as exam- 
ples of halogen atoms. Givens as examples of the monovalent hydrocarbon group containing 1-10 carbon atoms are 
alkyl groups such as methyl group, ethyl group, n -propyl group, Esopropyl group, n-butyl group, 2-msthytpropy! group, 1 - 
methyl propyl group, t-butyl group, rvhexyl group, n-octyt group, and n-decyf group; (cydo)aDcyl groups such as 
cyclopentyl group, cydohaxyf group, cydoheptyl group, and cyclooctyl group; aryl groups such as phenyl gjoup, 4-t- 
butylphenyl group, 1 -naphthyl group; and araikyl groups such as benzyl group, and 4-t-butytbenzyl group. Hatogenated 
derivatives of these monovalent hydrocarbon groups having 1-10 carbon atoms can be given as examples of the mono- 
valent hatogenated hydrocarbon groups containing 1-10 carbon atoms. 
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The resin (II) cart be manufactured by any one of the following methods (d) to (h). 

(d) A method of subjecting a norbornene derivative containing the acid-cleavable group (■) corresponding to the 
recurring unit shown by the formula (2) or formula (3) (these derivatives are hereinafter collectively caled "nor- 
bornene derivatives (a)"), optionally, together with other copor/merkaHe unsaturated aUcycfic compounds, to ring- 
opening (co)pdymerizat)on_ 

(e) A method subjecting a norbornene derivative (a) and a oopor/meozable unsaturated compound such as. ethyl- 
ene, maleic anhydride, or the like, to a radical copotymerization reaction. 

(f) A method ot subjecting the resin obtained by the method (e) or (f) to partiaJ hydrorysfe and/or sorvotysts accord- 
big Id a conventional manner. 

(g) A method of introducing the atid-cteavable group (ii) into at least a part of the acidic functional groups in the 
-resin obtained by the method (f) according to a conventional manner. 

:(h) A method of polymerizing acidic functional group-containing norbornene derivatives obtained by cleavage of the 
scid^cSeavable gjoup (ii) In the norbornene derivatives containing the add-deavable group (ii) corresponding to the 
recurring unit shown by the formula (2) or formula (3) (these acidic functional group-containing norbornene deriva- 
tives are hereinafter collectively caled "norbornene derivatives (3)1 to a ring-opening (co)porymerization or radical 
copdymerization, and introducing the add-deavable group (i) into at least a part of the acidic functional groups of 
the resulting (co)polymer according to a conventional manner. 

The following compounds are enumerated as examples of the norbornene derivatives (a): 




5-etTKwycarbonyfek^ctop 

5-n^orxExycaibonyfcicyclO[2.2. 1 Jhepto-2-ene, 

5-l^opaxycarbcxiYlbky^2^.1]herjt^ 

5-n4xitoxycarbonyibicy^ 

5-t4xjto«yx»rtxxTyfck^dof2.2. 1 Jhepto-2-ene, 

5<yck)hexytoxycarborrya»cy^ 

5-(4M-butyk*ck>hexyta^^ 

5i3henaxycaftonytok^d^ 

5-tetrahydroiuranyk3xycarb^^ 

5-tatrahydropyranylGKycarb^ 

5-acetyioxyt>icyclot2.2-1]hepto-2-ene, 

5-cyanobtoydo[2.2.1]hepto-2-erie, 

5-methyl-5~methoxycata^ 

5-methyl-5-ethoxycartx>ny^ 

5-me*hyl-5^i)ropQxycarbonv^ 

5-methyKH-rxopoxyc^^ 

5-rnethyl-S^4xitoxycarbonyt^^ 

5-methyk5-t-txjtoxyc^^ 

5-methyl-5-cyclohexyICKycar^ 

5-methyt^4-t-biJtykY^ hepto-2-ene, 

5-rnethyt-5-pherraycarbor^ 

5-methy1-5-tetrahydroti^ 

5- methyt-5-tetrahydropv^^ 
5,6^kautx«yartfiydride^ 
8-methaxycaibonyltelrar^ 

6- etrKJxycarbonyltetracycl^ 
8-niropoxycaibcnv^^ 
8-i*>ropoxycarbonyttetracy^ 
a-rvbutaxycarbonytte^ 

8-t-butaxy<»rbonyftetra^ dodeca-3-ene, 
8-cyctohexyloxycarb<>ntf^^ 

8-(4M-buryk^ctohexylcD(y)car^ 7 - 10 Jdodeca^3-ena. 

8H3henoocycarbonyttetracv^ 

8-tetrahydrofuranytaxy^^ 

8-tetrahydropyra/iyloxyca^ 2 ' 5 .1 7 ' 1<5 h3-dodecene. 

8-memyt^methcorycaitxxiytt 

8-rr«thyl-8-ethoxycarbofiyftem^ 
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8-methyl-8-n-pifcpoxycar^ dodeca-3-ene, 
8-methyl^i-prcpcacycarto dodeca-3-ene. 
8-fii8lhy1^i>4xjtaxyca^ dodeca-3-ene, 
SHYiethyl^t-butoxycart>onyHetrac^ dodeca-3-ene. 
8-matriyl-8<yctoheKylaxy^ dodeca-3-ene, 
S-nieiriyl^^-t-butyk^ [4.4.0. 1 2 - 5 ^ 71 °]dodeca-3-ene. 

8-mathyl^8i)heriQxycait)ori^^ 

8-nrathyl^tetrahyclrDfuranyiaxycarb^ (4A0J 2 ^.1 7<1 °]-3-dodec8fia 
8-melfiyl^tetrahydrcpyrar^ [4.4.0. 1 2 - 5 . 1 7 - 1 *| 4-dodecene, and 

8,9Klkajboxyanhydridetetracyd^ 1 7 - 10 Jdodeca-3-ena 

These rtorbomene derivatives (a) maybe used either individually or "n combinations of two or more. 

The following compounds can be given as examples of the other urtsaturation alicydic compounds which can copo- 
lymer ize with the norbomene derivatives (a) by ring-opening: bicycto{2.2.l]hepto-2-ene. bicydo{2 2. 1 ]hepto-2-ene-5- 
carboxyiic add. 5-methylbicydo{2.2J]he^ add. 5-methyU(^c^2.2.1]riepto-2-ene v 5-ethytolcy- 

do[2.2.1]hepto-2-ene, tetracydo{4.4.0.l 2 ' 5 .1 7 - 10 ]^^ 8n«ethyHetfacyclo[4.4.0.1 i5 .1 7 - 10 |d^ 8- 

ethyrtetracydo[4.4.o tetracyctopAO.l 2 ' 5 .! 7 ' 1 *^^ acid, 8-methyftet- 

racydo(4.4.0J 2 ^.1 7 * 10 ]dodeca-3-en»«^ add, W(uorotetracydc{4A0.1^^^ 8-fluor- 

orr»ethyftetracydot4^^ 84ffiuoromethyltetracy^ 8- 

triflijoroinstriyltetra^ 8i»ntafliKXoettiy1tatracv^ 

8.8Kffluc*otetracyclo^ 8.^ffluorotetracydo[4.4.0.1 2 ' 5 ^ 8,8-bis(trif- 

luor<)methyl)tetracyclo[4^.0. 1 7 ' 10 )dodeca-3-ena 8.94fe(trfhjofomet^^ 

8-methyl^tmTuciwiemy^ V. 1 7 ' 10 ]dodeca-3-ena. 8.8.9-tiifluccoletracyclo{4.4.0.1 2 ' 6 . 1 7 ' 10 ]dodeca-3- 

ene, 8.8>tris(tfiliior<>met^ dodeca-3-ene, 8.8 i 9,94etrafluorotetracy- 

do(4A0.1 2 ^J 7 « 10 ldodeca-3-eneL 8,8.9 ( &-tetraHs(trrf^ 

9,«»s(triRuofometriW^ 8.9^luoro^943is(trifluorometr^ 
doI4A0.1 2 ^.1 7 ' 10 ]dodeca-3-ene l 8A9^kj©ro-9*rfrTiJCf™ S.M^nf- 
luoro-9^rifluoit>rrietruwytetr^^ 8.8.9-trifluoro-8- 
peilaf luoropropoxytetracydc[4.4.0. 1 2 - 5 . 1 71 °]dodeca-3-ene ( 8-fluoro-8-pertta ffu<roethyl-9.9-bis(trIluor^^ 
cycto[4.4.0.1 2 ' 0 . 1 7 ' 10 Jdrjdeca-3-ena 8.Mifluofo-84ieptHfluorolsopropy^ 
do(4.4.0.1 2 ' 5 .1 7 - 10 ldodeca-3-ene ( 8-chtoro*,9,9-liiftu^ 8.9«Schloro-8.9- 
b^trif luoromemyft^^ 8^2,2.2-trifluorocartxKyetr^^ 
do[4.4.0.l 2 - 5 .1 7 - 1 Tdodeca"a-ene. 8,9-dicrtioro^,9-b<s(tr«liK^^ ene, 8- 

(2,2.2-trlluorocarboxyeth^ teb^ds-&^nethyt^(2,2,2-trtmjc^ 
tetrai^o[4A0.1 2 ^.1 7 ' 10 ]dodeca-3-eri^ cydobutene, cydopentene, cydooctene, l^cydooctacfena. 1.5,9oydodo- 
decatriene. norbomene, 5-ethylidenenorbomerie. 5-mettiylnorbornene, dicyctopentadiene, tricydo(5.2.l .O^ldetecuve- 
8-ene, trteydop.2. 1 .O^ef ective-3-ene, bicycto[4.4.0. 1 2 ^urtdeca-9-erie, fricydo{6.21.0 1 ^urtdeca-9^ne a trlcy- 
clo[a2.1.0 1 ^undeca-4-ena tetracydo^AO-l 2 - 5 . 1 7 %0 l ' 6 ]dodeca-3-ene, 8-methyttetracy- 

dot^^ai^.^^O-O^^odeca-a-ene. 8-ethyfio^etetracycto[4.4iM^ 8- 

ethyfdenet^racydo[4.4.0.l 2 ' 5 .1 7 ' 1 0.0 16 ]dodeca-3-ene f pentacydo[&5.1 .1 36 .0 2 ' 7 .0 9 ' 1J WTtad^ective4-ene, and 
perttacydop.4.0. 1 2 - 5 . 1 9 ' 1 2.0 8 - 1 3 lpentadeca-3-ena 

These other unsaturated aifcydic compound may be used either Individually or In combinations of two or mora 
Trie content of the recurring units originating from these other unsaturated aficydic compounds in the resin (II) is 
usually 50 mot% or less, preferably 30 mol% or less, and mora preferably 30 moi% or less. In all recurring units In the 
resin (II). 

As norbomene derivatives (p), the compounds with the ester group In the above-described norbomene derivatives 
(a) converted into a carboxyl group can be given. 

The ring-opening (co)pclymerization in the above method (d) can be carried out, for example, using a metathesis 
catalyst and, as required, an activation agent (for example, a boron compound, si Boon compound, alcohol, or water) In 
the presence of a molecular weight modifier (for example, a-defins, a,a>4iblefins, vinyl aromatic compounds) in an 
appropriate solvent 

The metathesis catalyst used here comprises the combination of at least one compound selected from tungsten 
compounds, molybdenum compounds, and rhenium compounds (hereinafter referred to as "specific transition metal 
cornpoundsT and at least one compound of a metal selected from IA, IIA. IIIA, iVA, or IVB in Derrtfng's Periodic "fable 
and having a metal-carbon bond or a metal-hydrogen bond in the molecule (hereinafter referred to as "specific organo- 
metaJGc compound 0 ). 

Given as examples of the specific transition metal compounds are WCfe, WC1 5> Wd 6l WO* WEr* WF & Wig, 
Mods. MoCJ* MoCI 3 , ReOCt* WOO* WOCI3. WOBr a . MoOC^, MoOBr 3 . ReCCfe, ReOBr 3 . Wa^OCgHs)^ 
W(OC 2 H 6 )e. MoClgfOCzHfi^, MofpCzHcfe. Wpafacacfe (wherein acac represents an acetytacetonate residue). 
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MoO^acacfe, W(OCOR) 5 (wherein OCOR stands for a carboxylic acid residue). MoCOCOR)* W(CO) 6 . Mo(CO) 6> 
RezCCOho, WCVPCCeHsh. Moas-PfCsHsfe. ReOBr 3 • P^Hsfe. WCfe-NOsH* WCCOs'PCCeHsh, and 
W(CO) 3 -(CH3CNfe. 

These specific transition metai corrpounds may be used either individually or in combinations of two or more. 

Given as examples of the specific organometallic compounds are n-CJHsU n-CsHnNa, CsHsNa. CHsMgl, 
CgHsMQBr, CHaMgBr, n-CaHyMgCI. \-C A HJAqCA, C^-CHCHj^MgCi. (C^H^Zn, ifyH&Cd, CaZntCgH^, (CHahB. 
(CzHdaB. (n^HgfeB. (CKDaAI. (CHaXzAIO. CHaAICfe (CHa^Cfe. (CzHsfeAl (CzHsfeAfeCfe. (CaHsfcAl -(XCsHfe. 
(CzHJaAICI. C2H5AIQ2, (CaH^H. (CzHefeAICK^He. (CzHe^CN, UAKCaHcfe, (n^sH^. G^gfeAI. (i- 
C 4 H 9 ) 2 AIH i (n-CgH^AJ. (n-CaH^XjAI. (QsHsJaAI. (CH^Ga, (CHa^Sn, (rH^Hg^Sn. (CgHgJaSnH. UH. NaH, ^Hg. 
NaBH4, AIH3, UAIH4, and TIH4. 

These specific organometallic compounds may be used either individually or in correlations of two or more 

The rwicaJ copotymerteation in the above method (e) can be carried out using a radical polymerization catalyst 
such as, for example, a hydroperoxide, cSaJkyl peroxide, cSacylperoxide, or azo compound, in a suitable solvent 

The ring-opening (cojporymedzatkxi or radteaJ coporymedzatkxi In the above method (h) can be also carried out 
according to the same manner as in the above methods (d) or (e). 

For ensuring transparency to radiation, a resin containing only a minimal amount of carbon-carbon unsaturated 
bonds Is desirable as the resin (II). Such a resin can be obtained by effecting a hydrogenation reaction, hydration reac- 
tion, halogenation reaction, haJogenafon-hydrogeriatto reaction at any appropriate step in the ring-opening (cojpoiym- 
ertzation according to the above method (d) or (f) or following the completion of the method (d) or (f). A resin obtained 
by effecting a hydrogenation reaction is particularly preferred as the resin (II). Trie resin obtained by the radiacal 
(co)poiymertzatk>n according to the above method (e) or (h) does not substantialy contain a carbon-carbon unsatu- 
rated bond. 

The degree of the hydrogenation in the hydrogenated resin (II) obtained in this manner is 70% or more, preferably 
90% or more, and particularly preferably 100% or more. 

The polystyrene reduced weight molecular weight (hereinafter abbreviated as W) of the aod-deavable group- 
containing resin measured by gel permeation chromatography is usualy from 1 ,000 to 300,000, preferably from 3,00 to 
200.000, particularly preferably from 5,000 to 100,000. 

The acid-deavaWe grc^p-ccritaining resin may be used either individual ty or in comb i nat i ons of two or more in the 
positive tone radiation sensitive resin composition of the present Invention. 

The aod-cleavable group-containing resin has characteristics of contrding the alkali soiubiity of the alkali-soluble 
resin. Speciffcaly. the resin decomposes in the presence of an acid to decrease or k'l, or accelerate the effect of con- 
trolling alkali solubility of the alkali-soluble resin. In this respect the add-deavaWe group-corttaning resin falls under the 
definition of the aJkali solubility control agent of the component (B2) of the positive tone radiation sensitive reski com- 
position of the present invention. 

The following resin (11-1), resin (II-2), and resin (1I-3) are particularly desirable as the resin (II). 

Sped icaily, the resin (11-1) Is a resin containing the recurring unit shown by the following formula (4): 



wherein n and A are the same as defined for the formulas (2) and (3). and X represents an atid-cteavafcf e group. 

The resin (II-2) Is a random copolymer containing the recurring unit shown by the above formula (4) and the recur- 
ring unit shown by the following formula (5): 




(4) 



X 
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6 



10 




(5) 



COOH 



w wherein Bis the same as defined for the formulas (2) and (3). and m Is 0 or 1. 

The molar ratio of the recurring unite of the formulae (4) and (5) in the ream (1 1-2) is usually 20:80 to 95:5, and pref- 
erably 30:70 to 90:10. 

The resin (II-3) is a random copolymer containing the recurring unit shown by the following formula (6) and. option- 
ally, the recurring unit shown by the following formula (7): 

20 



30 



SS 



40 




(6) 



(7) 



wherein A B. X. and Y are respectively the same as defined for the formulas (2) and (3). 
4s The molar ratio of the recurring units of the formulas (6) and (T) In the resin (II-3) Is usually 5:95 to1 00:0, and pref- 
erably 10:90 to 90:10. 

Alkali-soluble resin 

so The alkali-soluble resin used to the positive tone radiation sensitive resin composition as the component (B2) and 
in the negative tone nidation sensitive resin c om position is a resin soluble in an alkaline developing solution. This resin 
contains at least one acidic functional group which exhibits affinity to the alkaline developing solution, such as a phe- 
nolic hydroxy! group, naphthoflc hydroxy! group, or caiboxyf group. The addftfon polymerization resins or polyconden- 
sation resins given as the above resin (I) or the resins in which the actd-deavable groups have cleaved given as the 
ss above resin (If) are Included as examples of such an aJoD-eofuble resin, can be given. 

Although the Mw of the aJkafi-sofubfe resin varies according to the characteristics desired for the radiation sensitive 
resin composition, the Mw In the range of 1,000-150,000. preferably 3,000-100,000. Is appllcabla 

The alkali-soluble resin containing caibon-carbon unsaturated bonds can be used after hycftrogenatlon. The degree 
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of hydrooenation i6 usually 70% a less, prefect 

genation exceeds 70%, developing performance of the afcai-soluble resin using an alkalne developing solution may 
decrease. The alkafi-soliiie resins may be used erther Individually or in contanaiions ot two or more in the positive tone 
or negative tone radiation sensitive resin compositions of the present invention, hi addition, the alkali-soluble resin may 
also be used when an add-deavaHe poup-contf ntog resin is used the positive tone radiation sensitive resin compo- 
sition 



Alkali soluMlty control agent 

The corrpounds containing an acidic functional cjoup, such as a phenoic hydroxyl group or carboxyl group, with at 
least one substitution group which can be cleaved in the presence of an acid {hereinafter caled "add-cieavaWe subetit- 
uenT) introduced therein can be given as the alkali solubility control agent used as the component (B2) In the positive 
tone racfation sensitive resin composition. 

The same acid-cleavabie groups (0 previously given far the resin (I). such as substituted methyl groups, 1 -substi- 
tuted etriyl g/rjups, dlyl grouf^ 

acKMeavable groups, are given as examples of such acid deavable groups. 

The alkeii sdubSty control agent may be either a high molecular compound or a low molecular compound. The 
corrpounds of the following formulas (8M1 2) are given as specific examples of the tow mdecutar compound. 



(R 14 0)p 



h 

15^ 



(8) 



(R J0 )q 



wherein R 1 4 indicates a substituted methyl groups 1 -substituted ethyl group, 1 -branched afcyl group, silyl group, germyl 
g/our* ataxycarbony! c^oup acyl group, or cydic add-deavaHe group, with a plurality of R 1 *s being either the same or 
different from each other, R 15 indicates an alhyl group containing 1-4 carbon atoms, a phenyl group, or 1-naphthyl 
group with a plurality of R 16 e being either the same or different from each other, p Is an integer of 1 or more and q Is 
an Integer of 0 or more, provided that P-kj£6 . 

(R 14 0)p (OR 14 ) r 

0— G— (9) 
<R 15 )q (R l5 >s 



wherein R 14 and R 15 are the seme as defined In the formula (8) and Q represents a single bond. -S-. -O-. -Co-. -COO- 
. -So-, -S02-, -C(R1 6)(R1 7)- (wherein R1 6 and R1 7 maybe either the same or different and each individually represents 
a hydrogen atom, afl^l group having 1-6 carbon atoms, acyl group having 2-11 carbon atoms, phenyl group, or naphthyl 
group), or a group 

(wherein R 16 Is the same as defined above and x Is an Integer of 0-4), pt q, r and s are respectively an Integer of 0 or 
more, provided that p+q*S , r+esS , and p+rs1 . 
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CR,4 °>P lft (0R") r 

R 18 



\ R« / 



(1 0) 



wherein R 14 and R 1 6 are the same as defined in the formula (8). R 18 indicates a hydrogen atom, alky I group having 1 - 
4 carbon atoms, or phenyl group, and p, q, r, s, t and u are respectively an integer of 0 or more, provided that p+q£5 . 
r+s^s, and t-HJ £5, p+r4*£l . 



(R I4 0)p lfl (OR 14 ) r 
(R 15 ), (R 15 ) s 



(R 14 0) t I (OR 14 ) v 



(R 15 ) u R 18 (R 15 ), 



wherein R 14 and R 15 are the same as defined in the formula (8), Q is the same as defined in the formula (9), R 18 is the 
same as defined in the formula (10), with a plurality of R 18 s being either the same or different from each other, and p. 
q. r. s, t u, v and w are respectively an Integer of 0 or more, prorated ptqss . rtess, tHiss. v+w£5, and 

pK+t+V2l. 
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(R 14 0)j, 



(0R 14 ) r 



(R 15 ), j (R 15 ) $ 

(R"0)iT^^(R l5 ) B 
R 18 — C — R 18 

A 

CR 14 0) t (R 15 )„ 



(1 2) 



wherein R 14 and R 1S are the same as defined in the for mUa (8), R 18 is the same as defined In the formula (10), with a 
plurality of R ta s being either the same or different from each other, and p, q, r, 6, t, u, vand w are respectively an integer 
of 0 or more, proved ad p+c|£5, , t+u^5, v-iw^5 , and p+r+t+va 1. 

As the high molecular weight alkali sdubilty control agent, the above-descrfred acid-deavable group^ontaining 
resins can be used, for example. 

In the positive tone radiation sensitive resin composition, either the low molecular compounds or the high molecular 
weight compounds So. the aod-deavaWe group-containing resins) may be used individually or in combinations of two 
or more as the aJkal sdubifty control agent A comblnatiori of a tow molecular compoLnd and a high molecular weight 
compound is ateo acceptable 



CrossllnMng agents 

The crosstlnMng agent used In the negative tone radiation sensitive resin composition of the present Invention is a 
compound which can cause the aftaJ-sofuble resin to cross-ink in the presence of an add, for example, an acid pro- 
duced on being irradiated. As such a crosslink! rig agent, a compound having at least one substituted group exhibiting 
cross-linking reactivity with the afcaJ-eolubie resin can be given, for example (such a substituted group is hereinafter 
called "cross- [inking substHuent"). 

The groups represented by the foOowing formulas (13M17) can be given as examples of the cross-inMng subetit- 
uertt in the crosslinking agent 




/( CH 2 ) f ^ 
CH 2 — CH Q 2 ) (13) 

NcH 2 ) g // 



wherein els an integer of 1 or 2; Q 1 represents a single bond. -O-. -COO-, or -NH-, when e=1 , or a bivalent nitrogen 
atom when e=2, Q 2 indicates -O- or -S-, f an integer of 0-3, and g is an integer of 1-3, provided f+g=1-4. 

^^(Fr^^tf-R 21 (14) 

wherein (33 Is a group -O-. -COO-. or-CO-, R 19 and R 20 incfvkJualy represent a hydrogen atoms or alcyt group having 
1-4 carbon atoms, R 21 denotes an alkyi group with 1-5 carbon atoms, aryl group with 6-12 carbon atoms, or araJkyl 
group with 7-14 carbon atoms, and h Is an Integer of 1 or more. 
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-Cff^-CCR^CH 24 ) (15) 

wherein R22, R23, and R24 individually represent a hydrogen atom or alkyi group with 1-4 carbon atom* 

<C (R 1d ) (R 20 ) h, N (R 25 ) (R 26 ) (16) 

wherein R 19 and R 20 are the same as defined In the formula (1 4). R 25 and R 26 irxfivkfualy represents an afcyloJ group 
having 1-5 carbon atoms and h ie an integer of 1 or more. 




(17) 



wherein R 19 and R 20 are the same as defined in the formula (14), R27 is a 3-6 member divalent organic ring having 
containing a hetero atom selected from oxygen atom, sulphur atom, and nitrogen atom and d is an Integer of 1 or more. 

Specific examples of such cross-finking substHuents include glyctdyl ether group, gfyddyfl ester group, gfyci- 
dytamlno group, mathoxyrnethyl group, ethoxymethyl group, benzyloxymethyl group, dlmethylamlnornethyl group, 
diethylarntoomethyl group, (^ethytotemiriomethyl group, cfimethylolaminomethyf group, morpholinomethyl group, ace- 
toxymethyl group, benzoytaxymethyl group, formyl group, acetyl group, vinyl group, and iso~propenyl group. 

Given as examples of the compound which possesses these crosslink! ng substituertts are btephenol A-type epoxy 
compounds, biephenol F-type epoxy compounds, bisphenol 3-type epoxy compounds, novoJak resin-based epoxy 
compounds, resoJ resin-based epoxy compounds, pofy^lhy1ene(hydroxystyrene) type epoxy compounds, methytol 
group-containing meiamine compounds, methytol group-containing benzoquanamine compounds, methytol group-con- 
taining urea cornpounds, methytol group-contaJnfng phenol compounds, altaxyalkyl group-contaJning meiamine com- 
pounds, alkoxyaflcyl group-containing benzoqua/iamtoe compoundd, alkoxyalkyi group-cootaintog urea compounds, 
altaxyalkyl group-containing phenol compounds, carbcwymetrtfgrou^ carboxymeihyf 
group-containing benzoquanamine resins, carboxymethyl group-containing urea resins, carbaxymethyl group-contaJn- 
ing phenol resins, carboxymethyl g/oup-containing meiamine compounds, cajboxymethyl g/oup-corttaining benzoqua- 
namine compounds, carboxymethyl group-containing urea compounds, and csrboxyrnethyt group-containing phenol 
compounds. 

The compound obtained by Introducing the cross-linking substitution group Into the acJcfc functional group to the 
above-described aJkafl-soluble resin to provide the resto with characteristics as a crossfin ktog agent can also be suitably 
used, in this instance, the amount of the cross-finking functional groups to be introduced is varied according to the types 
of the introduced cross-finking functional groups and the types of the ataB-sofuble resin. Usually, this amount is 5-60 
mor% of the total amount of the acidic functional groups in the alkali-soluble resin, with a preferable range being 1 0-60 
mol%. The range from 1 5 to 40 moi% Is most appropriate. 

The crosslrn king agents can be used either individually or as a mixture of two or more of them in the negative tone 
radiation sensitive resin composition of the present invention. 

The proportion of the above-described components in the positive tone radiation sensitive resin composition and 
the negative lone radiation sensitive resin composition of the present invention offfers according to the characteristics 
desired for the resist Preferable proportions 

First in the positive tone radiation sensitive resin composition, the amount of the acid generator (A) is in the range 
usuaJy of 0.1-20 parts by weight, preferably 0-5-15 parts by weight, and particularly preferably 0.7-7 parts by weight 
per 100 parts by weight of the ackJ-deavabie group-corrtalrring resin or the alkali-soluble resto. N the amount of the acid 
generator (A) is less than 0.1 parts by weight, the sensitivity and resolution tend to be decreased; if more than 20 parts 
by weight, coatablltty of the resist Is Impaired and the pattern form tends to be deteriorated. 

The amount of the eJkafi solubility control agent is usually 5-1 50 parts by weight, preferably 5-1 00 parts by weight, 
and particularly preferably 5-50 parts by weight per 100 parts by weight of the alkali-soluble resin. If the amount of the 
alkali solubility control agent tends less than 5 parts by weight the rate of residual coating tends to be decreased, lead- 
ing to sweffirtg of the patterns; if more than 150 part by weights, coating surface is easiy cracked, giving rise to deteri- 
oration of coaling strength. 

Typical formulations of these components in the positive tone radiation sensitive resin composition of the present 
invention are as foflows. 

[1-1] Add generator (A): 0. 1 -15 parts by weight. ackJ-cteavable group-containing resin: 100 parts by weight or 
[12] Acid generator (A): 0.1-20 part by weight, aJkaJi-sofuble resin: 100 parts by weight alkaQ solubility control 
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agent: 5-150 parts by weight, preferably, 

[1-3] Acid generator (A) 0.5-12 parts by weight add-deavabte group-containing resin: 100 parts by weight, or 
[1-4] Acid generator (A): 0.5-15 parts by weight alkali-soluble resin: 100 parts by weight, alkali solubility control 
agent: 5-100 parts by weight, and more preferably, 

[1-5] Acid generator (A): 0.7-7 parts by weight, add-deavable group-containing resin: 100 parts by weight or 
[1-6] Acid generator (A): 0.7-7 parts by weight alkali-soluble resin: 100 parts by weight alkali solubility control 
agent: 5-50 parts by weight 

Next In the negative tone radiation sensitive resin composition, the proportion of the acid generator (A) is usually 
0.1-20 parts by weight, preferably 0.5-15 parts by weight particularly preferably 0.7-7 parts by weight per 1 00 parts by 
weight of the alkali-soluble resin. The sensitivity and resolution tend to decrease if this amount of the acid generator (A) 
is less than 0.1 part by weight. If more than 20 parts by weight coatabSty of resists and configuration of patterns tend 
to deteriorate. 

The proportion of the crosslinking agent is usually 5-95 parts by weight preferabty 15-85 parts by weight and par- 
ticularly preferably 20-75 parte by weight per 1 00 parts by weight of alkali-soluble resin. The proportion of crossfeikmg 
agent less than 5 parts by weight may result in reduction in the rate of residual coatings and induce winding or sweiBng 
of patterns; the proportion exceeding 95 parts by weight tends to impair developing performances. 

Spec* ic proportions of each component in the negative tone radiation sensitive resin composition are as fdtows: 

[2-1] Acid generator (A): o. 1-20 parts by weight alkali-soluble resin: 100 parts by weight and crosslinking agent: 
5-95 parts by weight more preferably, 

[2-2] Acid generator (A): 0.5-15 parts by weight alkali-soluble resin: 100 parte by weight and crossf nking agent: 
15-85 parts by weight and particularly preferably, 

[2-3] Acid generator (A): 0.7-7 parte by weight alkali-soluble resin: 100 parte by weight and crosslinking agent 20- 
75 parts by weight 

Furthermore, various addfflves such as functional compounds, surfactants. Lewis base additives, and the like may 
be optionally formulated in the positive tone radiation sensitive resin composition and the negative tone radiation sen- 
sitive resin composition. 

The functional compounds are the compounds exhibiting the action of improving anti-dry etching performance and 
pattern configurations. The fallowing compounds can be given as examples of such functional compounds: 1 -edaman- 
tanol. 3-adamantand. 1-adamantane methanol, 3-adamantane methanol. 1,3-dadarnarrtanol, 1,3-adamantane 
dimethanol, 1 -adamantariecarbaxylic acid, 3-edamantanecarbaxyfic acid, 1,3-edamantanedtoarboKyllc add, 1-ada- 
mantaneacetic acid, 3-edarnantaneacetic acid, 1 .3-adamantan ediacetic acid. 3 -methyl -2-norboman e methanol, myrte- 
nol, camphor add, cfe-bk^do[3-3.0]octane'2-carboxylkacid, 2-hydroxy-3-pinanone, camphanic add, 3-hydroxy-4.7,7- 
trimethytoicyck>{2.2.1] heptane-2-acetfc add, 1 ,5-decaJindid. 4^is(rrydrQxy)tricycio(52.1 .O^Jdecane, bomeoi, 1- 
rwradamantanecarboxyfc acid, 3-rwradamarrtanecarboxylic acid, 2-norbornaneacetic acid. 1,3-norbornanedtol, 2,3- 
norbornanedloi, 2,5-nc>rbornanea1oi, 2.6-norbornanedlol, 4-penty!Wcycto[2^.2]oclar»-1 -caitxoyilc acid, pinanedtol, 1- 
naphthalene methanol, 2-naphthalene methanol, 1-naphthol, 2-naphthof, 1-naphthaienecarboxytic acid, 2-naphtha- 
lenecarboxytic add, (1 -naphthoxy)acetic acid, (2-naphthoxy)acettc add, 1-naphthytacetic acid, 2-naphthytacetic add, 
1,2-naphthalerte dlmethanol. 1,3-naphthaJene dimethand. 1.4-naphthalene dimethanol. 1 .S-naprrthaiene dimethanol. 
1 ,6-naphthalene dmethanol, 1 j-naphthalene dimethand, 1 ^-naphthalene dimethand. 2,3-naphthaJene dimethanol, 
2,6-naphthalerie dimethanol, 2,7-naphthalene dimethanol, l^lhydroxynaphthalene, 1 ,3-dihydroxynaphthalene, 1,4- 
cShydroxynaprttrtaJene, 1,54ihydroxynaphthalene, 1 ,6-dihydroxynaphthalene, 1 J-olrrydroxynaprrthalene, 1 ,8-dihydrox- 
ynaphthalene, 2,3-d^roxynaprrthalene. 2.6-dihyd^oxynaphthalene. 2.7-diiydroxyn8phthalene. (1,2-naph- 
thoxy}diacetic acid, {1 ,3-raphthaxy)d!acetfe acid, (1 .4-napWhoxy)diacetic acid, (1 ,5-naprthoxyOdiacetic add, (1.6- 
naphthoxyKfacetic acid. (1 .7Hia#nhoxy)oiacetic acid, (1 ,8-naphthoxy)diacetic add, (2,3-naphthoxy)c&acetic add, (2.6- 
naphthaxy)ciacet]c acid, (2,7-naphtiiaxy}diacetic acid, 1 ,2-naphthajBnedk^rboxylic add, 1 ,3-raprrthefenecficarboxyiic 
acid, 1 ,4-naprftha!enedk3Utx)xytic acid, 1,5-naprrthalenedicarboxyfcadd, 1 ,6-naptthalenedicarboxyfic acid, 1,7-naprv 
thalenedicarbaxyfic add, 1 ,8-neprrthalen8dk»rtxKy1ic add, 2,3-naphtrrieriedfcarboxylic add, 2.6-naphthaienedcarbo- 
xylic acid, 2,7-naphthalenedicarboxyfc acid, 1,2-naprrthyldiacetic add. 1,3-naphthytfacetic acid, 1,4-naphthyttacetic 
acid. 1.5-raptrthyidfecetic add. 1 ,6-naphthyWiacetic add, 17-naphthyttacetic acid, 1,8-naprtthyttiacetic acid. 2,3- 
naphthyidiacetic add, 2.6-naprtfhykSacetic acid. 2.7-naprrthykIacetlc add, 3-hydraxy-1 ^Ic^rboxyr^phthaJene. 1- 
hydroxy-2-carboxynaphthalene, 3-hydroxy-2-carboxyriaphu^ene, 4-hydroxy-2-caitXKynaprrthalene, 5-hydroxy-2-car- 
txscynaphthalene, 6-ry±oxy-2-carboxynaprrthaJene, 7-hydraxy-2-<»rbcxynaprrthalene 1 84rydroxy-2-carboxynaphrha- 
lene, 2-hydroxy-1 <arboxynapftthalene, 3-hydroxy- 1 -caitxxxynaphthalene, 4-hydroxy-1 -carboxynaprtthalene. 5- 
hydroxy-l-carboxyr^hthalene, 6-hydroxy- 1 -carboxynaphthalene, 7-hydrcxy-1 -cajtxixynaprrthaJene, 8-rrydraxy-1-csjr- 
boKynaphthalene, 1 xajtxay-2HTaprrthcDcyacetic acid. 3<»rb<jxy-2-naphthoxyacetic add. 4^rboxy-2-rtapritfKKyacetic 
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acid. S-cajboxy-2-rraphthoxyacetic acid, 6-<3tftaxy^-napmhaxyacet!C add, 7-carboxy-2-naphthoxyacetic acid. 8-car- 
boxy-2-napWicxyacetic add. 2-carboxy-l -naphUicxyacetic acid, 3-cart>oxy-l-naprrthoxyacetic acid. 4-caiboxy*l-naph- 
thoxyacetic acid, 5-carboxy-1 -naprrthaxyacetic acid, 6-carboxy- 1 -naphthoxyacetic acid. 7-carbaxy- 1 -naphthcxyacatic 
add. 8<art)oxy-1-rtaphlhoxyacetic acid, and the compounds derived by substituting the hydrogen atom in the carboxyl 
group or hydroxy! group bi these compounds with an acid-cleavabte group. Here, as the acJd-deavable group, the same 
groups which are given as the examples of acid-deavable groups (i) and (h) in the above description of the add-deav- 
able group-containing resin can be given. 

These functional compounds may be used either individually or in cornbinatforts of two or more. 

The amount of the functional compounds to be formulated Is usuaiy 50 parts by weight or less per 100 parts by 
weight of the add-deavable group-containing resin or alkali-soluble resin. 

The surfactants improve coatabiity and promote developing performances of the radiation sensitive resin compo- 
sition. 

Given as examples of the surfactants used on the present invention are nordonic surfactants, such as polyoxyeth- 
ylene iauryf ether, pofyaxyethyfene stearyfl ether, pdyaxyethytene deyt ether, poryoxyethyiene octylphenyl ether, pory- 
oxyethylene rionyfphenyt ether, polyethylene glycol diiaurate, and polyethylene Qtycoi distearate, and products 
commercially available under the trademarks, such as KP341™ (manufactured by Sin-Etsu Chemical Co., Ltd.). Fofy- 
flow™ Na 75 and Na 95 (manufactured by Kyoel Oil and Pat Chemical Ca. Lid.). Efftaps™ EF301. EF303. EF352 
(manufactured by Tokem Products). Megafacks™ F171, F173 (manufactured by Dainjppon Ink and Chemicals Ca. 
Ltd.). Rorades™ FC430. FC431 (manufactured by Sumitomo 3M Co., Lid.). Asahi Guard 111 AQ710 (manufactured by 
Asahi Glass Ca, Ltd.). and SurHon™ S-382. SO101, SC-102, SC-103, SC-104, and SC-105 (manufactured by Asahi 
Glass Ca. Ltd.). 

These surfactants may be used either individually or In combinations of two or mora 

The amount of the surfactants to be incorporated is normally less than 2 parts by weight for 100 parts by weight of 
the radiation sensitive resin composition. 

The Lewis base additive is the compound exhtoitinQ an action as a Lewis base to the acid produced from the add 
generators (A) andfor the other add generators. Addition of the Lewis base additive Improves perpendicularity of resist 
pattern side walls more effectively. 

Nitrogen-containing basic compounds, salts thereof, carboxyfic ados, aJcohds. and the Gke can be given as exam- 
pies of such Lewis base additives, wffh nitrogen-containing basic compounds being desirable. 

Given as specific examples of the nitrogen-containing basic compounds are amine compounds such as triethyf- 
amine. tri-n-propyiarrtine. tri4sopropyiamine, tri-n-butylamlne, tri-n-hexylamine, triethanctamine, triphenytamine. ani- 
line, N.N<Jimethylanibie, 2-methytenBine, 3-methyfarffline, 4-methytartiline, 4-nitroaniline, 1-napWhyfamine, 2- 
naphthylamlne, dlphenylarnine, ethyieriedlamJne, tetramethyleneolamlne, hexamethylenedlamine, and pyrrolidine, pip- 
erldine; imidazole compounds such as Imidazole, 4-mathyifmidazole, 4-matfTyi-2i>hertytlrnkiazole ( thiabendazole, and 
benzimidazole; pyridine compounde such as pyridine, 2-methylrjyridine, 4-ethylpyridine, 2-riydroxypyrkSne, 4-hydrox- 
ypyrkfne. 2-phenylpyrldrie, 4-phenylpyridlne. nicotinic add. nicotinic acid amide, quindine, and acridine; and other 
nitiogeri-containing heterocydic compounde such as purine, 1,3,5-triazine, triphenyl-l,d,5-triarine, 1,2.3-triazole, 
1,2,4-trtazole, and urazd. 

These nitrogen-containing basic compounds may be used either individually or in combinations of two or more. 

The amount of the Lewis base additives used is usually 1 moJ or less, preferably 0.05-1 mol, for 1 mot of the add 
generator (A). If the amount of the Lewis base additives exceeds 1 mol, the sensitivity as the resist tends to be 
decreased. 

Other additives which can be used In the radiation sensitive resfcn composition of the present Invention Include hala- 
tion preventives, adhesion assistant agents, storage stabilizers, anti-foaming agents, and the Efce. 

Preparation of composition solution 

The positive-lone radiation sensitive resin composition and the negative-tone radiation sensitive resin composition 
of the present invention are prepared into a solution when used, by dissolving these in a solvent to make a solid con- 
centration of 5-50 wt%, and filtering through a inter with a pore size of 0.2 pm, for example. 

Given as examples of the solvent used for preparing such a composition sdution are n-propyl alcohol, isopropyi 
alcohol, n-butyl alcohol, t-butyi alcohol, cyctohexand, ethylene glycol monomethyl ether, ethylene glycol monoethyl 
ether, ethylene glycol mono-n -propyl ether, ethylene glycol mono-n-butyl ether, diethyfene glycol dimethyl ether, dieth- 
ytene glycol diethyl ether, diethylene glycol dt-n-propyl ether, diethyfene glycol di-n-butyt ether, ethylene glycol mono- 
methyl ether acetate, ethylene glycol monoethyl ether acetate, ethylene glycol rrxxio-n-propyl ether acetate, propylene 
glycol monomethyl ether, propylene glycd monoethyl ether, propylene glycol rrtorto-rvpropyl ether, propylene glycol 
monomethyl ether acetate, propylene glycol monoethyl ether acetate, propylene glycol mono-n~propyi ether acetate, 
toluene, xylene, methyl ethyl ketone, methyl n-propyl ketone, Isopropyt ketone, methyl n-butyl ketone, methyl teobutyl 
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ketone, 2-heptanone, 3-heptanone. 4-heptanone, cycioperrtanone, cyctoriexanone, methyl 2-tTydroxypropionate, ethyl 

2- hydraxypropionate, ethyl 2-hydroxy-2^ethy<propioriate, ethoxyethyl acetate, hydraxyethyt acetate, methyl 2-hydroxy- 

3- methyl tjutyrate, 3-merhaxybutyl acetate. 3-me4hyl-3-fnethQxytxjty1 acetate, 3-methy1-3-me1tKwytjiJtyt propionate, 3- 
methyKJ-m^haxytxrtyl butyrate, ethyl acetate, n-propyl acetate, n-butyl acetate, methyl acetoacetate, ethyl acetoace- 
tate, methyl 3-methoxypropkxiatet ethyl 3-ethoxypropfonate, methyl pyruvate, ethyl pyruvate, N-melhylpyrroiidone, N- 
NKJrnethytkymamrte. N.rwimethytacetamide, benzyl ethyl ether, dftexyl ether, Methylene glycol monomethyl ether, 
ciethylene glycol monoethyl ether, acetonyl acetone, feophorone, caproic add, capryllcacid. 1 -octanol. 1 -nonanol. ben- 
zyl alcohol, benzyl acetate, ethyl benzoate, diethyl oxalate, diethyl maieete, rbutyrolactDne, ethylene carbonate, and 
propylene carbonate. 

These solvents may be used either todrviduaiy or in combinations of two or more. 

Forming resist pattern 

To prepare a resist pattern from the positive-tone nidation sensitive resin composition or the negative-lone racBa- 
tion sensitive resin composition of the present invention, the solution of the composition thus prepared is appied to a 
substrate such as a eflicon wafer, aluminum-coated silicon wafer, to form a resist coating by rotational coating, cast 
coating, or ro* coaling. The resist coating is then pre-baked and irradiated to form a desired pattern through a mask 
pattern. Radiation used here is preferably near ultraviolet rays such as an i-fine (wavelength: 365 nm), deep ultraviolet 
rays such as a bright line spectrum from a mercury lamp (wavelength: 254 nm). a KrF excimer laser (wavelength: 248 
nm), and an ArF excimer laser (wavelength: 193 nm), X-rays such as synchrotron radiation, or charged particle rays 
such as an electron beam. 

In the preparation of patterns, after exposure to radiation the coalings are preferably heated (hereinafter caled 
post-exposure bake). Although the heating conditions are varied according to the type of the resin cornposition and the 
kind of additives used, the resist Is usually heated at 30-200*0, preferably 50-1 50°C 

Moreover, in order to draw the potential capacity of the radiation sensitive resin composition to the maximum, an 
organic or inorganic reflection preventive f Im can be formed the substrate in advance according to a method disclosed 
in Japanese Patent Pubfcation No. 12452/1994, tor example. Also, it is possible to provide a protective coat on the 
resist film to reduce the effect of basic impurities which may be present in the atmosphere according to a method dis- 
closed, for example, in Japanese Patent Application Laid-open Na 188598/1993. Combined used of these techniques 
is also acceptable 

Then, the resist coating is developed with an alkaline developer for forming a prescribed pattern. 

An alkaline solution in which one or more aJkaline compound is cfissoVed is used as the alkaline developer. Given 
as examples of alkaline compounds which can be used here are sodium hydroxide, potassium hydroxide, sodium car- 
bonate, sodium silicate, sodium metasilcate, aqueous ammonia, ethylamine, n-propylamine, diethylamine, di-n -pro- 
pylamine, triethylamine, methyWiethylamine, olmeihyl ethylamine, to'ethanoJa/nine, tetramethylammonwm hydroxide, 
pyrrole, piperidine, chofrte, 1 ,8^iazabkyclo-[5.4.0-7hundecene. and 1 ,o^iazabk^o-[4.3.0^-nonene. The concen- 
tration of the aqueous aJkafine solution is usually 10 wt% or less, if more than 10 wt%. unexposed parts may also be 
dissolved In the developing solution. 

Moreover, an organic solvent, tor example, can be added to the developing solution consisting of the above- 
described alkaline aqueous solution. 

Given as specific examples of such organic solvents are ketones, such as acetone, methyl ethyl ketone, methyl bo- 
butyl ketone, cyctopentanone, cydortexanone, 3-me1hyt^<yclopentanone, and 2,6H^ethylcyclohexanone; alcohols 
such as methyl alcohol, ethyl alcohol, n-propyl alcohol, teopropyi alcohol, n-butyl alcohol, t-butyl alcohol, cydopentanol, 
cyclohexanol, 1 ,4-nexanedtol, and 1 ,4-hexaneolmelhyfol; ethers such as tetrahydrofuran and dtoxane; esters such as 
ethyl acetate, butyl acetate, and isoamyi acetatB; aromatic hydrocarbors such as toluene and xylene; phenol, acetonyl 
acetone, and dimethytformamida 

These organic solvents may be used either individually or in combinations of two or more. 

The amount of the organic solvents used Is preferably 1 00 vol% or lass of the amount of the atalne aqueous solu- 
tion. If the amount of the organic solvents used is more than 100 vor% of the amount of the alkaline aqueous solution, 
Developing performance is Impaired, so that there will be an Increase In undeveloped areas among the Eradiated parts. 

Asuttatteamourtofasurfactame/^ 
aqueous solution. 

After development using the developing solution consisting of an aJkaine aqueous solution, the resist Is washed 
with water and dried. 

Japanese Patent Application Na 353866/1996 is hereby incorporated by reference. 

Other features of the invention wfl become apparent in the course of the folowing description of the exemplary 
errixxfments which are given for lustration of the invention and are not Intended to be Imfting thereof. 
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EXAMPLES 

In the examples and comparative examples below measurement of the Mw of polymers and evaluation of various 
characteristics of the resists were carried out according to the following methods. 

Mw: 

The Mw was measured by gel permeation chromato gr aphy (QPC) using a mono-dispersed polystyrene as a stand- 
ard, wherein QPC columns (two GBOOOHxl columns, one GSOOOHxl column, and one G4O00Hxl column, afl trade- 
marks, manufactured by Tosoh Corp.) were used under the conditions of a flow rate of 1.0 ml/minute, a column 
temperature of 40°C and using tetrahydroforan as an eJuant. 

Sensitivity: 

The optimum exposure sensitivity was determined taking the tmxfiation dose required for forming a pan- of line-and- 
epace patterns (1L1S) with a line width of 0.26 urn as an optimum dose. 

Resolution: 

Trie minimum size Gun) of resist pattern produced when exposed to light with an optimum exposure doss was 
taken as the resolution. 

Pattern configuration: 

The Dimensions of the lower side (La) and upper side (U>) of the square cross section of the IMS with a fine width 
of 0.3 jim formed on a silicon wafer were measured using a scanning type electron microscope. Those satisfying an 
inequality. 

0.85 s Lb/La =s 1 , and having no bores, cute, or scrapes are rated to be X^ood" and those which do not satisfy 
one of these requirements ware Judged to be "Bad". 

Rate of residual coating: 

The proportion (%) of resist coaling thickness exposed to light at an optimum dose before development of the resist 
pattern to the thickness after development was taken as the rate of residual coating. 

The components used in the following examples and comparative examples were as follows. 

Po3ftfv0-tone radiation sensitive resin composition 

(A-1) 4-Hydroxy-1 ^aphthyftatrahydromJophenium trifluoromethanesulfonate 
(A-2) 4-MethQxy-1 -naphtriyltetmhydrothiophenium trrtluoiomethanesultonate 
(A-3) 4^-Butoxy-l-naphthyttetrahydYofhlophenlum trifluoromethejiesuffonate 
(A-4) 4-t-Butoxy-1 HTaphthyttetrahy^rothiopheniLrn trifluoromethanesulfonate 
(A-5) 4-n-Butaxy-1-naphthytte4ra^ n-nonaf luorobutanesutfortate 

Other acid generators; 

(art) TriphenytsuHonium trifluoromethanesulfonate 
(a-2) (Bi^Ti enylsultonyf) methane 

Wd-cleayaWe orovp containing resins; 

(B1 -1) Resin with 26 mol% of hydrogen atoms of phenoic hydroxyl groups on poly(hydroxystyrerte) replaced by t- 
butaxycarbonyt groups (Mw=9,000) 

(31-2) Resin with 20 mol% of hydrogen atoms of phenofio hydroxyl groups on poly(hyaVoxystyrene) replaced by t- 
butoxycarbonyi groups (Mw=25,000) 

(B1 -3) Resin with 32 mor% of hydrogen atoms of phenofio hydroxyl groups on poly(hydraxystyrene) replaced by 1 - 



25 



EP 0 849 634 A1 



ethoxyethyl group (Mw=1 5,000) 

(B1-4) Copolymer of hydraxy-a-fnothyte^rene and t-butytecrytate (copdymerization mol ratio = 5:5. Mw=l2,000) 
(B1-5) Copolymer of tetrahydropyranyl acryiate, tricydodecanyl acryiate. and 2-riydroxypropyl acryiate (oopolymer- 
ization mol ratio ■ 45:1, MwM 3,000) 

(B1-6) Copolymer consisting of the recurring unit shown by the fallowing formula (18-1) and the recurring unit 
shown by the following formuta (18-2) (oopolymerization mol ratio - 20:80, Mw-25,000) 




(18-1) (18-2) 



(B1-7) Copolymer consisting of the recurring unit shown by the following formula (19-1) and the recurring unit 
shown by the following formula (19-2) (oopolymerization mol ratio = 8020, Mw=32,000) 




0C(CH 3 ) 3 0CB 3 
(19-1) CI 9-2) 



(B1-7) Copolymer consisting of the recurring unit shown by the following formula (20-1) and the recurring unit 
shown by the following formula (20-2) (oopdymerization mol ratio = 55:45, Mw= 12,000) 
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(20-1) 



C2 0-2) 
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Alkali-sohjbla resin: 

(B2 1) Pdytp-hydroxystyrene) (Mw=7.500) 
AIM! fiotuMity control ggente; 

(B2-2) The compound of the following formula (21) 



0 CHg 0 
(HgOgC-O-C-O— C O-C-O-CttH^ (2 1 ) 



40 



45 



H3C— C-CH3 

fa 



SO 



o-c-q-c(ch 3 ) 3 

0 



(B2-3) The compound of the following formula (22) 
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0 CH 3 0 

(HjOgC-O-C-O-^^— C— O-C-0-C(CH 3 ) 3 C2 2) 

CH 3 



Other components: 

As Lewis base additives: 

(E-1) Tri-n4xjtytamine 
(E-2) Nicotinic acid amide 

As solvents: 

(S-1) Ethyl 2-hydraxypropionate 

(S-2) Propylene glycol monoethyl ether acetate 

(S-3) 2-Heptanone 

(S-4) Cyctohexanone 

Negative tone notation sensitive resin composition 

Acid generators (A) and other acjtf oenenatofs; 

The same compounds as used for the positive tone radiation sensitive resin compositions were used. 
flUfljapJuMft resins: 

(C-1) Poly(p-hydrc3xystyrene) (Mw=7,500) 

(C-2) Copolymer of p-hydroxystyrene and styrene (copolymerization mol ratio - 7: 3. Mw-7.000) 



(D-1) Dimethcxymethylurea (MX290™, manufactured by Sanwa Chemical Co., Ltd.) 

(D-2) Tetramethoxymethyl giycoloyl (CYMEL 1 174™ manufactured by MteU Cyanamid Co.) 



The same Lewis base additives and solvents as used for the positive tone radiation sensitive resin compositions 
were used. 

Examples 1-13, Comparative Example 1 

The components shown in Table 1 were mixed to produce homogeneous solutions. The solution was fitered 
through a membrane filter with a pore diameter 0.2 urn, thus obtaining composition solutions. The compositions in 
Examples 14 and Comparative Example 1 are positive tone type and the ccrrpositkxis in Examples 9-10 are negative 
tone type. 

The composition solutions were applied to sUcona wafers by role coating and probated for 5 minutes on a hot plate 
maintained at 100°C to obtain resist flms with a flm thickness 1 .1 urn. The resist tarns were irracSated through a mask 
pattern at different Irradiation doses using a KrF exdmer laser exposure machine (NSR-2005 EXBA™. a product of 
Moon Co., Ud.) for Examples 1-4, Example 8-10, and Comparative Example 1, and an ArF exdmer laser exposure 
machine (lens aperture number - 0.55. a product of Nlcon Co., Ltd.) for Examples 5-13. Then, the resists were baked 
fori minute on a hot pi ate maintained at 11 0°C. developed for 1 minute at 25°C In an aqueous solution of 2.38 wt% 
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tetramelhytammoriium hydroxide, washed with water, and dried. 
The results of evaluation are given En Table 2. 
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TABLE 2 







Sensitivity (nrvVcm 2 ) 


Resolution dim) 


Pattern configuration 


Residual coating (%) 


6 


ExarrpJa 1 


20 


0.26 


Good 


97 




Example 2 


15 


0.26 


Good 


96 




Example 3 


20 


0.26 


Good 


96 


10 


Example 4 


25 


0.24 


Good 


98 




Example 5 


28 


0.16 


Good 


99 




Examples 


25 


0.22 


Good 


99 


16 


Example 7 


18 


0.22 


Good 


99 


Example 8 


24 


0.24 


Good 


99 




Example 9 


22 


0.24 


Good 


97 




Example 10 


16 


0.24 


Good 


97 


20 


Example 11 


20 


0.18 


Good 


99 




Example 12 


10 


0.18 


Good 


99 




Example 13 


20 


0.18 


Good 


97 
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Comparative Example 1 


45 


0.26 


Good 


97 



Use of the specific salt as a photoacid generator ensures the positive tone radiation sensitive resin conpositiori and 
negative tone radiation sensitive resin composition of the present invention to exhtort superior sensitivity, excellent res- 
olution, capabllty of producing superb pattern configuration, and a reduced rate of reskJuai coatings. These radiation 
so sensitive resin compositions can effectively react by radiation such as near urtraviolel rays, deep uftravioJet rays, X-rays, 
or a charged particle in a. The positive tone and negative lone radiation sensitive resin compositions of the present 
invention is, therefore, very useful as a resist for producing semiconductors which are anticipated to be miniaturized in 
the future. 

Obviously, numerous modifications and variations of the present Invention are possible fo Ight of the above teach- 
ss ings. It is therefore to be understood that within the scope of the appended claims, the invention may be practiced oth- 
erwise than as specifically described herein. 

A positive-tone or negative-tone radiation sensitive resin (xxnposition cornprising (A) a photoacid generator repre- 
sented by the following formula (1-1) or (1-2): 
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wherein R 1 . R 2 , R 6 , and R 6 are an alkyl group, R 3 and R 7 are a hydroxy! group or -OR 4 (wherein R 4 is an organic 
group), Aj~ and h£ indicate a monovalent anion, a and c denote an integer of 4-7. and b and d an integer of 0-7. The 
positive-tone resin composition further comprises (B1) an aod-deavabte group-containing resin or (B2) an alkali-solu- 
ble resfn and an alkali sdubiBty control agent and the negative-tone radiation sensitive resin composition further com- 
prises (O an alkali-soluble resin and (D) a crosdinkng agent. The resin compositions are highly sensitive and exhibit 
superior resolution and pattern forming performance. 

Claims 

1. A positive-tone radiation sensitive resin composition comprising: 
(A) a photoacid generator represented by the following 
formula (1-1): 




(1-1) 



wherein R 1 and R 2 may be either the same or different and each individually represents an alkyl group 
containing 1 -4 carbon atoms. R 3 represents a hydroxy! group of -OR 4 (wherein R 4 is an organic group hav- 
ing 1 -6 carbon atoms), Af indicates a monovalent anion, a denotes an Integer of 4-7, and b Is an Integer 
of 0-7; or 
formula (1-2): 
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6 



10 




(1-2) 



wherein R 5 and R 6 may be either the same or different and each individually represents an alkyi group 
containing 1 -4 carbon atoms, R 7 represents a hydroxy! group or -OR 8 (wherein R 8 is an organic group hav- 
is kng 1-6 carbon atoms), Aq~ indicates a monovalent anion, c denotes an integer of 4-7, and d is an integer 

of 0-4; and 

(B1) An actd-deavable group-containing resin which is insoluble or scarcely soluble in alkai. but becomes sol- 
uble In aJkal when the add-cleavable group is cleaved, or 
20 (B2) an alkali-soluble resin and an alkali solubility control agent 

2. The positive-tone reflation sensitive resin composition according to claim 1 , wherein the add-deavaHe group-con- 
taining resin (B1) is a resin having a structure wherein a hydrogen atom in an acidic functional group is replaced by 
at least one acJd-deavable group or a resin containing an acld-deavabfe group and having an aicycJic structure in 

26 the main chain. 

3. The positive-tone radiation sensitive resin compo siti on according to daim 2, wherein trie acidic functional group is 
a phenoic hydroxy! group, naphthoic hydroxy! group, or carboxyl group. 

so 4. The positive-tone radiation sensitive resin composition according to daim 2, wherein the add-deavaWe group is a 
substituted methyl group. 1 -substituted ethyl group, 1 -branched alkyi group, silyi group, germyl gjoup. aikoxycarb- 
onyf group, acyl group, or cycfic acid -deavabfe group. 

5. The positive-tone radiation sensitive resin composition according to daim 2. wherein the aicydic structure in the 
36 resin having an aficydic structure in the main chain is a monocycSc structure originating from a cydoaJkane or a 

polycydic structure originating from bfcydop.2.1fieptane or tetracyc^4A0.1 2 ^.1 7 - 10 ldodecana 

6. The positive-tone racSatkm sensitive resin composition according to daim 1, wherein the alkali sotubflty control 
agent is a compound containing an acidic functional group wherein at least one substitution group which can be 

40 deaved in the presence of an add is introduced. 

7. A negative-tone radiation sensitive resin composition comprising: 

(A) a photoadd generator represented by the following 

46 

formula (1-1): 
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wherein R 1 and R 2 may be either the same or different and each individually represents an alkyl group 
containing 1 -4 carbon atoms . R 3 represents a hydroxy! group or -OR 4 (wherein R 4 is an organ i c group hav- 
ing 1 -6 carbon atoms). /V Indicates a monovalent anion, a denotes an integer of 4-7. and b is an Integer 
of 0-7; or 
formula (1-2): 




wherein R 5 and R 6 may be either the same or different and each individually represents an alkyl group 
containing 1 -4 carbon atoms, R 7 represents a hydroxy! group or -OR 8 (wherein R 6 Is an organic group hay- 
ing 1-6 carbon atoms), V indicates a monovalent anion, c denotes an integer of 4-7, and d is an integer 
of 0-4; 



(C) an alkali-soluble resin; 

(D) a compound capable of crossflnkfng the aftaB-solubJe resin In the presence of an acid. 

& The negative-tone nidation sensitive resin composition according to claim 7, wherein the compound capable of 
crosslinking the afcafi-eoluble resin in the presence of an acid is a compound having at least one group shown by 
the following formulas (13) to (17): 




^(CH 2 ) f , 
CHo-CH Q z ) (13) 

Nch 2 ) £ x 




wherein e Is an Integer of 1 or 2; Q 1 represents a single bond, -0-. -S-, -COO-, or -NH-. when e»1 , or a trivalent 
nitrogen atom when e=2, Q 2 indicates -O- or -S-. ff is an integer of M, and g is an integer of 1-3, provided l+g=i-4; 

<C (R 19 ) (R?°) > h Q 8 — fp r (14) 

wherein Q 3 is a group -O-, -COO-. or -CO-. R 19 and R 20 Individually represent a hydrogen atoms or alkyl group hav- 
ing 1-4 carbon atoms, R 21 denotes an alkyl group with 1-5 carbon atoms, aryf group with 6-12 carbon atoms, or 
aralkyi group with 7-14 carbon atoms, and h Is an Integer of 1 or more; 

-C(R 22 ) H C(R 23 )(R 24 ) (15) 

wherein R 22 , R 23 . and R 24 individually represent a hydrogen atom or alkyl group with 1 -4 carbon atoms; 

<C (R 19 ) (R 20 ) > h N (R25) (R*) (16) 

wherein R 19 and R 20 are the same as defined in me formula (14), R 25 and R 26 Individually represents an afcytol 
group having 1-5 carbon atoms and h is an integer of 1 or more; or 
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w 



16 



20 



wherein R 19 and R 20 are the same as defined in the formula (14). R 27 tea 3-8 merdbered divalent agaric ring hav- 
ing a hetero atom selected from oxygen 

9. The negative-tone radiation sensitive reein composition according to claim 7, further cornprising a photoacid gen- 
erator other than the photoacid generator represented by the formula (1-1) or (1-2). wherein such other photoacid 
generator is selected from the group consisting of onium salts, halogen-containing compounds, dfezoketone com- 
pounds, suttane compounds, end sulfonic add compounds. 

10. The negative-tone radiation sensitive resin composition according to claim 7 comprising 0.1-20 parts »jiy 
the photoacid generator (A) for 100 parts by weight of the alkali-soluble resin (C) and 5-95 parts by weight of the 
crossfinking agent D). 



40 
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